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1.

INTRODUCTION

The 20th meeting of the WHOPES Working Group, an advisory group to the
World Health Organization Pesticide Evaluation Scheme (WHOPES), was
held at WHO headquarters in Geneva, Switzerland from 20 to 24 March
2017.
1

The Working Group reviewed three long-lasting insecticidal net products for
the prevention and control of malaria: Interceptor G2 LN of BASF, Germany;
DawaPlus 3.0 LN and DawaPlus 4.0 LN of Tana Netting, United Arab
Emirates; one mosquito larvicide: SumiLarv 2 MR of Sumitomo Chemical Co.
Ltd., Japan; and re-evaluated Chlorfenapyr 240 SC of BASF, Germany. The
Working Group made recommendations on the use and further evaluation of
each of these products.
The meeting was opened by Dr Dirk Engels, Director, WHO Department of
Control of Neglected Tropical Diseases (NTD). He said that WHO is
undertaking reforms in evaluation of innovative tools, improving quality in the
system, and ensuring standardized vector control evaluation and timely
development of normative guidance. Evaluation of vector control products
has moved to the WHO prequalification team effective January 2017.
As part of the NTD Vector Ecology and Management (VEM) unit, WHOPES
will continue to play a normative role in the evaluation of vector control
products, which involves developing standard operating procedures as well
as efficacy testing guidelines and their necessary revisions periodically.
WHOPES will continue collaboration with the Food and Agriculture
Organization of the United Nations (FAO) in pesticide management activities
to reduce risks to humans and the environment by providing guidelines and
capacity strengthening support. Capacity building in vector control is our
priority. In 2016, the VEM team started strengthening capacity of five sites in
Asia leading to Good Laboratory Practice certification, and it is planned to
add five more sites in 2017 including from Latin America.
Vector control is critical to the control and elimination of NTDs and malaria,
and effective tools and strategies are paramount to these efforts. The
Seventieth World Health Assembly (Geneva, 22–31 May 2017) will consider
adopting a Global Vector Control Response; and NTD has focused on
control of rapidly expanding arboviral diseases, in particular Zika virus
disease, dengue and chikungunya.
Dr Engels noted that this is the last WHOPES Working Group meeting after
which the prequalification team will assume the assessment function for
products within the established categories. He thanked all the WHOPES
Working Group members and hoped that the VEM unit will continue
collaboration in normative activities.
1

Refers to long-lasting insecticidal nets (LNs) as a pesticide formulation.
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Dr Rajpal Yadav, Scientist in charge of WHOPES, briefed the Working
Group on the objectives of the meeting, summarized the interests declared
by the invited experts and explained the working procedures of the meeting.
He too thanked all the WHOPES Working Group members for their excellent
contributions to and technical support for the work of WHOPES.
Professor Dr Marc Coosemans, Institute for Tropical Medicine, Belgium was
appointed as Chairperson and Dr John Gimnig, Centers for Disease Control
and Prevention, USA as Rapporteur.
Nine invited experts and six staff representing the WHO Secretariat attended
the meeting (see Annex 1. List of participants). The Working Group met in
both plenary and break-out sessions, in which the reports of the WHOPES
supervised trials and additional background reports submitted by the
manufacturers including the relevant published literature and unpublished
reports were reviewed and discussed (see Annex 2. References).

Declarations of interest
All the invited experts completed a Declaration of interests for WHO experts
within the past four years before the meeting for assessment by the WHO
Secretariat. The following interests were declared:
Dr Nicole Achee’s university has received mosquito repellent products free
of charge from SC Johnson & Son, USA for use in a large-scale intervention
trial funded by the Bill & Melinda Gates Foundation, USA.
Dr Rajendra Bhatt’s institute has received prescribed fees from BASF India
Ltd., India; Bayer CropScience, India; and Vestergaard Frandsen, India to
meet the costs of product evaluation.
Dr Fabrice Chandre’s institute has received prescribed standard fees from
Bayer CropScience, Germany to meet the costs of evaluation of their
pesticide products.
Professor Dr Marc Coosemans’ institute has received grants from the Bill &
Melinda Gates Foundation for evaluating the impact of repellents on malaria
in Cambodia. The institute has also received repellents free of charge from
SC Johnson & Son, USA for use in the study.
Dr Vincent Corbel’s institution has received prescribed standard fees from
Bayer CropScience, Germany to meet the costs of evaluating their
respective pesticide products.
Dr Sarah Moore’s research unit has received research funding from the
Research Council of Norway for evaluating various long-lasting insecticidal
2

nets. The unit has also received repellents free of charge from SC Johnson
& Son, USA for use in a study, as well as prescribed standard fees from
Vestergaard Frandsen, Switzerland; Christiansen Sarl, France; Bayer,
Germany and Sumitomo Chemical Co. Ltd., Japan for evaluating their
pesticide products.
Dr Olivier Pigeon’s research centre has received prescribed standard fees
from Arysta LifeScience, Belgium and France; BASF, Germany; Bayer
CropScience, Germany; Christiansen Sarl, France; Gharda Chemicals Ltd.,
India; Tagros Chemicals India Ltd., India; Tana Netting, United Arab
Emirates; Vestergaard Frandsen, Switzerland; Syngenta, Switzerland; and
Sumitomo Chemical Co. Ltd., Japan to meet the costs of physico-chemical
or residues studies of their respective pesticide products.
Professor Dr Mark Rowland’s unit has received research grants from
Innovative Vector Control Consortium, UK for a product development
partnership with Sumitomo Chemical Co. Ltd., Japan; BASF, Germany;
Bayer CropScience, Germany; and with US Agency for International
Development, USA and Medical Research Council, United Kingdom for the
community evaluation of various pesticide products.
The WHO Secretariat assessed the interests declared by the experts and
these were not found to be directly related to the topics under discussion at
the meeting. It was therefore decided that all of the above-mentioned
experts could participate in the meeting, subject to the public disclosure of
their interests.
Dr Fabrice Chandre had served as an investigator for the laboratory testing
of DawaPlus 3.0 LN and DawaPlus 4.0 LN, while Professor Mark Rowland
had served as an investigator for the field testing of Interceptor G2 LN. They
were therefore excluded from the respective drafting groups that assessed
the results of the trials of these products. They were also asked to abstain
from discussions when the meeting finalized the Working Group’s
recommendations on the use of these products.
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2.

REVIEW OF INTERCEPTOR G2 LN

Interceptor G2 LN is a long-lasting insecticidal net manufactured by BASF,
Germany. The net is made up of knitted multi-filament polyester fibres and is
treated with alpha-cypermethrin and chlorfenapyr (coated onto polyester) to
2
2
a target dose of 100 mg/m alpha-cypermethrin and 200 mg/m chlorfenapyr
(= 2.4 g/kg of alpha-cypermethrin + 4.8 g/kg of chlorfenapyr for a 100 denier
2
net with a weight of 40 g/m area; 3.2 g/kg of alpha-cypermethrin + 6.4 g/kg
2
of chlorfenapyr for a 75 denier net with a weight of 30 g/m area). The
insecticide is bound to the fibres in a resin coating.
1

Alpha-cypermethrin has previously been recommended by WHO as an
insecticide product for conventional treatment of mosquito nets for malaria
vector control, at the target dose of 20–40 mg AI/m². WHO specification for
alpha-cypermethrin technical material (TC) and Suspension Concentrate
2
(SC) are already published. The WHO specifications for chlorfenapyr TC
and SC for treatment of nets have been finalized and will be published soon.
Chlorfenapyr is an N-substituted halogenated pyrrole, a broad spectrum
insecticide with stomach and contact actions. The Insecticide Resistance
Action Committee (IRAC) of CropLife International has classified the
compound in Group 13, i.e. uncouplers of oxidative phosphorylation via
3
disruption of proton gradient.

2.1

Safety assessment

The assessment of risk to humans of washing and sleeping under the
Interceptor G2 LN was performed based on the data provided by the
manufacturer (Aitio, 2015). The revised WHO Generic risk assessment
4
model for insecticide-treated nets was used as a guiding document.
The following assumptions were used by the evaluator in drafting the risk
assessment:
−

the product and the active ingredients alpha-cypermethrin and
chlorfenapyr comply with the WHO/FAO specifications;

1

Insecticides for treatment of mosquito nets (http://who.int/whopes/en/, accessed July 2017).
WHO specifications for pesticides used in public health
(http://who.int/whopes/quality/newspecif/en/, July 2017).
3
Prevention and management of insecticide resistance in vectors of public health importance,
2nd ed. Brussels: CropLife International, Insecticide Resistance Action Committee; 2011
(http://www.irac-online.org/content/uploads/VM-layout-v2.6_LR.pdf).
4
WHO (2012). A generic risk assessment model for insecticide-treated nets – revised edition.
Geneva: World Health Organization
(http://apps.who.int/iris/bitstream/10665/44862/1/9789241503419_eng.pdf, accessed July 2017).
2
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−
−

−
−

−
−

−

the actual content of the active ingredients in the net does not
exceed the WHO specification default assumption (nominal
concentration + 25%);
the highest observed release in washing fluid in the wash resistance
study of the Collaborative International Pesticides Analytical Council
(CIPAC) reflects the proportion of the active ingredients available for
dermal and oral absorption, and that released during the washing of
the net;
dermal absorption of alpha-cypermethrin and chlorfenapyr observed
at high and low concentrations in studies in rats reflect the
absorption efficacy from the net and the washing fluid, respectively;
the translodgeable part for both alpha-cypermethrin and
chlorfenapyr from the net onto the skin is 6% of the available surface
concentration defined from the washing resistance index, in line with
the US Environmental Protection Agency (EPA) estimate for soft
surfaces;
the biological half-time in mother’s milk of alpha-cypermethrin and
chlorfenapyr do not exceed those in mother’s plasma;
the predicted exposures to alpha-cypermethrin and chlorfenapyr are
low for adults, children and toddlers, and less than 50% of the
tolerable systemic dose (TSD) for infants. For infants, the most
important route of exposure is direct mouthing of the net (> 90% of
the total exposure for both alpha-cypermethrin and chlorfenapyr).
Acute exposure is less than one-third of the short-time tolerable
dose (TSDAC) for both alpha-cypermethrin and chlorfenapyr; and
at the predicted exposure levels (<<NOAEL i.e. much less than the
no observed adverse effects level), the synergistic action of any two
compounds is unlikely. Alpha-cypermethrin and chlorfenapyr have
different modes of action and also different target sites. Thus, the
combined action of alpha-cypermethrin and chlorfenapyr is in the
category response/effect addition, which means that the risk
estimates are valid as such for the combined exposure. However, in
assessing the risks from exposure to mixtures of chemicals, the
WHO International Programme on Chemical Safety recommends
that dose-additivity is considered at the first tier of assessment. In
this worst case scenario, exposure to the combination of alphacypermethrin and chlorfenapyr remains below the TSD (≤ 83%) (and
also TSDAC (≤ 39%)).

Based on the risk assessment, it was concluded that when used as
instructed, sleeping under and/or washing Interceptor G2 LN does not pose
undue hazards to people.

5

2.2

Efficacy – background and supporting documents

Cové, Benin (study 1)
An experimental hut study was conducted in Cové, Benin during October
2014 – January 2015 to assess the efficacy of the Interceptor G2 LN against
wild, free-flying mosquitoes (N’Guessan et al., 2016). The study was
conducted in a rice growing area with extensive breeding sites throughout
the year. The mosquito population was primarily Anopheles coluzzii with
smaller numbers of An. gambiae s.s. during the dry season. The frequency
of the 1014F allele was 89% and cytochrome P450 enzymes associated with
pyrethroid resistance were also present in the population. The frequency of
resistance to permethrin and deltamethrin was 92% and 88%, respectively.
The resistance ratio for alpha-cypermethrin relative to the susceptible
Kisumu strain was 207.
Eight arms were tested in standard West African style huts:
1.
2.
3.
4.
5.
6.
7.
8.

Untreated polyester net
Interceptor LN, unwashed
Interceptor LN, washed 15 times
Interceptor LN, washed 20 times
Interceptor G2, unwashed
Interceptor G2, washed 15 times
Interceptor G2, washed 20 times
Polyester net, conventionally treated with chlorfenapyr at 200 mg
2
AI/m (CTN)

Nets were washed according to WHO Phase II protocols using 10 L of soap
solution (2 g/L Savon de Marseille, pH = 10–11) followed by two rinse cycles.
Nets were washed and rinsed for 10 min and subjected to 20 rotations per
min for 6 min. The interval between washes was 1 day. Six holes were cut in
2
each net, each with an area of 16 cm .
Nets were tested for 6 nights each week in a Latin square design. Three nets
within each treatment arm were tested during each week while sleepers
rotated among the huts. At the end of the week, huts were aired and the
treatments rotated to new huts. Mosquitoes were collected each morning
from the floors, walls, veranda traps and nets and recorded as dead or alive
and as fed or unfed. Live mosquitoes were held for an additional 72 h to
assess delayed mortality. The hut trial was conducted over 72 nights.
WHO cone bioassays and tunnel tests were conducted on each treatment
arm at each wash point using a susceptible strain (An. gambiae Kisumu
strain) and a pyrethroid-resistant strain (An. gambiae Cové strain). Cone
tests were conducted with 3–5 d old unfed females exposed for 3 min and
held for up to 72 h. Tunnel tests were conducted overnight according to
WHO guidelines with three replicates per treatment arm and wash number.
6

Net samples were sent to BASF, Gemany for chemical analysis. Alphacypermethrin and chlorfenapyr content were determined in samples using
the CIPAC method 454/LN/M/3.1. This method involves extraction of alphacypermethrin and chlorfenapyr by refluxing for 5 min in tetrahydrofuran in
presence of dioctyl phthalate as internal standard and addition of citric acid,
and determination by gas chromatography with flame ionization detection
(GC-FID).
An average of 858 female mosquitoes were collected per treatment over 72
nights. Most of them (98.9%) were An. coluzzii. More mosquitoes were
collected from the huts with Interceptor LN and Interceptor G2 that had been
washed 20 times. There was no evidence of deterrence of mosquitoes from
huts with treated nets relative to the control huts. Up to 40% of the
mosquitoes were found inside the nets with lower numbers found in the
unwashed Interceptor LN and Interceptor G2 nets. Mosquito exiting rates
were higher from huts with treated nets, including with the chlorfenapyr
treated net, compared to the untreated net.
Blood-feeding rates were 47–60% lower in the huts with the Interceptor and
Interceptor G2 nets compared to the control huts. There was a trend for
increased blood-feeding with increasing number of washes but there were
no differences in the blood-feeding rates between the Interceptor and the
Interceptor G2 nets. Blood-feeding rates were also significantly lower in the
chlorfenapyr CTN relative to the untreated net (Table 2.1).
After 24 h, mortality was 3% for the untreated control net. Mortality for the
Interceptor LN was 20% and 13% after 0 and 20 washes, respectively. This
was significantly lower than the mortality observed in the huts with the
Interceptor G2, washed and unwashed and the chlorfenapyr ITN where
mortality ranged between 53% and 63% (Table 2.2).
After 72 h, mortality for the untreated control net was 5%. Mortality for the
Interceptor LN was 24% at 0 washes, decreasing to 17% after 20 washes.
Mortality with the unwashed Interceptor G2 was 73% falling to 66% after 20
washes. The decline in mortality was significant at 20 washes (p = 0.02) but
not at 15 washes (p = 0.31). Mortality was highest for the unwashed
chlorfenapyr CTN (77%) (Table 2.3).
In supplemental cone bioassays, mortality of the pyrethroid susceptible An.
gambiae Kisumu strain was 100% against the unwashed Interceptor LN, 49%
against the unwashed and 56% against the washed Interceptor G2 nets, and
42% against the chlorfenapyr CTN. For the pyrethroid-resistant Cové strain,
mortality did not exceed 12% for any of the treatment arms. Washing had
little effect on either the Interceptor LN or the Interceptor G2 (Table 2.4).
In tunnel tests, the Interceptor LN, the Interceptor G2 and the chlorfenapyr
CTN caused high mortality (95–100%) against the pyrethroid-susceptible
Kisumu strain. For the pyrethroid-resistant Cové strain, mortality was 22%
7

with the unwashed Interceptor LN, 82% with the unwashed Interceptor G2
and 77% with the chlorfenapyr CTN. After 20 washes, mortality decreased
by up to 25%. Blood-feeding inhibition for the Interceptor LN and the
Interceptor G2 was high (93–100%) against the pyrethroid-susceptible
Kisumu strain while it was less (48–63%) for the resistant Cové strain (Table
2.5).
Chemical analysis indicated the unwashed, unused Interceptor G2 and
Interceptor LN nets were within their specifications at the start of the study
(Table 2.6). No chemical analysis data were provided after 20 washes before
the trial; therefore the retention of active ingredients (AI) could not be
calculated. However, chemical analyses were conducted after the nets had
been washed and tested in the huts. The alpha-cypermethrin content on the
Interceptor G2 declined from 2.4 g AI/kg before washing to 1.58 g AI/kg after
washing and after the hut trial, while the chlorfenapyr content declined from
5.45 g AI/kg before washing to 2.55 g AI/kg after washing and after the hut
trial (Tables 2.7 and 2.8).
The investigators concluded that the Interceptor G2 LN has the potential to
control malaria transmission over the life of the net in areas where standard
pyrethroid-treated LNs are failing due to resistance. They also noted that the
tunnel test provides better correlation with the results of the experimental hut
study compared to the cone test.
Cové, Benin (study 2)
An additional experimental hut study was conducted in Cové, Benin to
assess the relative contribution of chlorfenapyr on the Interceptor G2 versus
chlorfenapyr applied as an indoor residual spraying (IRS) to hut walls
(Ngufor et al. 2016). The study site was as described as above. Five huts
were used for the comparisons:
1.
2.
3.
4.
5.

Untreated net
Interceptor LN
Interceptor G2 LN
2
Chlorfenapyr IRS applied at 250 mg/m
2
Chlorfenapyr IRS applied at 250 mg/m plus Interceptor LN

Three nets were used in each arm and were rotated every 2 d within each
2
treatment arm. Six holes of 16 cm each were cut into each net to simulate
natural wear and tear. Sleepers rotated among the huts in a Latin square
design. Each morning mosquitoes were collected from the huts and scored
as dead or alive and as fed or unfed. Live mosquitoes were held for up to 72
h to assess delayed mortality. The trial was run over 54 nights.
A total of 1153 An. gambiae s.l. were collected during the trial. Deterrence
for the Interceptor LN was 44% higher than the Interceptor G2 and was
8

unaffected by chlorfenapyr IRS. Deterrence was detected in huts with
chlorfenapyr IRS although it could not be differentiated from positional
effects as the IRS treatments were not rotated.
Blood-feeding was highest in the chlorfenapyr IRS hut (80%) followed by the
control hut (66%). Blood-feeding was significantly higher in the Interceptor
G2 huts (48%) compared to huts with the Interceptor LN (37%) (Table 2.1).
Blood-feeding in the huts with chlorfenapyr IRS plus the Interceptor LN was
intermediate at 42% and was not significantly different from the other two
arms.
At 24 h, corrected mortality was 9% for the unwashed Interceptor LN and 54%
for the unwashed Interceptor G2 (Table 2.2). After 72 h, corrected mortality
was highest in the huts with the Interceptor G2 (76%) followed by the hut
with the chlorfenapyr IRS plus the Interceptor LN (71%) (Table 2.3). Mortality
in these huts was not significantly different. Mortality in the hut with
chlorfenapyr IRS alone was 59% which was significantly lower than in the
other two huts. Mortality in the hut with the Interceptor LN was 24% and was
significantly lower than all other treatment arms excluding the control huts.
No chemical analysis data were provided for this trial.
The investigators concluded that the Interceptor G2 provided significantly
better protection in an area of insecticide resistance than a pyrethroid only
LN. Furthermore, they concluded that the Interceptor G2 was likely a better
resistance management tool than a pyrethroid-treated LN plus chlorfenapyr
applied to walls, possibly because the mosquitoes are more likely to avoid
the treated walls when resting and more likely to interact with the net when
host seeking.
Vallée du Kou, Burkina Faso
An experimental hut study was conducted in Vallée du Kou to assess the
efficacy of the Interceptor G2 against wild, free-flying An. coluzzii (Bayili et
al., 2017a). An. coluzzii in this area has been shown to be resistant to DDT
and pyrethroids. Resistance is due to the kdr mutation, which is fixed in the
population and to detoxifying enzymes.
Six arms were tested in West African style huts:
1.
2.
3.
4.
5.
6.

Untreated polyester net
Interceptor G2, unwashed
Interceptor G2, washed 20 times
Interceptor LN, unwashed
Interceptor LN, washed 20 times
2
Polyester net, conventionally treated with chlorfenapyr at 200 mg/m
(CTN)
9

Six holes were cut in each net to simulate damage. Nets were washed in 10
L of water with 2 g/L of soap (Savon de Marseille, pH = 10–11) and agitated
at 20 rotations per min for 10 min. The nets were rinsed twice using the
same procedures. Adult volunteers slept in the huts and collected
mosquitoes beginning at 05:30. Treatments and sleepers were rotated in a
Latin square design.
Cone bioassays were performed on each treatment arm at the beginning
and the end of the trial. For each net, 10 cones were placed on the five
positions of the net (four sides and the roof). Ten 3–5 d old, unfed female
mosquitoes were exposed in each cone for an extended period of 30 min as
against 3 min exposure according to the WHOPES LLIN guidelines.
Mosquitoes tested included the An. gambiae Kisumu strain as well as the
local population, which was collected as larvae and reared to the adult stage.
Mortality was recorded at 24 h and again at 72 h after exposure. The tunnel
test was also conducted on pieces of netting from each treatment before and
after the trial. One hundred mosquitoes were used in each test which ran
from 19:00 to 08:00 the following day. Mosquitoes were collected from
tunnels and held for up to 72 h to assess delayed mortality. Net samples
were sent to BASF, Gemany for chemical analysis using the same CIPAC
method as was used in the first trial in Cové, Benin as described above.
A total of 4867 An. gambiae s.l. were collected from the experimental huts.
Significantly fewer mosquitoes were collected from huts with the unwashed
Interceptor LN, the unwashed Interceptor G2 and the chlorfenapyr CTN
compared to the huts with the untreated net. However, there was no
evidence of deterrence of mosquitoes from the huts with the Interceptor LN
or the Interceptor G2 that had been washed 20 times. Compared to the
control hut, mosquito exit rates were significantly higher in the huts with the
unwashed Interceptor LN, the unwashed Interceptor G2 and the Interceptor
G2 washed 20 times. No other differences in exit rates were observed.
Blood-feeding rate was 65% in the control huts. Blood-feeding rates in huts
with treated nets were significantly lower for the unwashed Interceptor G2
and the Interceptor G2 washed 20 times. No other differences in bloodfeeding rates were observed (Table 2.1).
After 24 h, mortality was 10% in the control huts and this was not
significantly different from the mortality observed in huts with the unwashed
Interceptor LN (25%) or the Interceptor LN washed 20 times (18%). Mortality
was significantly higher in the huts with the unwashed Interceptor G2 (78%),
the Interceptor G2 washed 20 times (74%) and the chlorfenapyr CTN (82%)
(Table 2.2).
Mortality of mosquitoes after 72 h holding was higher in the huts with the
chlorfenapyr CTN (87%), the huts with the unwashed Interceptor G2 (80%)
and the Interceptor G2 washed 20 times (78%) (Table 2.3). Mortality in these
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treatment arms was not significantly different from each other but all values
were significantly higher compared to the huts with the untreated net, the
unwashed Interceptor LN or the Interceptor LN washed 20 times. For the
huts with the washed and unwashed Interceptor LN, mortality was 28% and
21%, respectively and these were not significantly different from mortality
against the untreated nets (11%).
Mortality of An. gambiae Kisumu strain exposed for 30 min in cone tests was
100% in all treatment arms (Table 2.4). Mortality of field collected
mosquitoes ranged from 75% to 100% when exposed to the washed or
unwashed Interceptor G2 or the chlorfenapyr CTN. Mortality of field collected
mosquitoes exposed to the washed and unwashed Interceptor LN was 31%
and 23%, respectively, and was significantly lower than mortality of
mosquitoes exposed to the washed or unwashed Interceptor G2.
In tunnel tests, the unwashed and washed Interceptor G2 killed significantly
more field collected mosquitoes than the Interceptor LN (Table 2.5). Mortality
of the unwashed and washed Interceptor LN was not significantly different
from that of the untreated control net. Similarly, the blood-feeding inhibition
of the unwashed and washed Interceptor G2 was significantly higher than
that of the unwashed and washed Interceptor LN. The unwashed and
washed Interceptor G2 performed equally well in terms of mortality and
blood-feeding inhibition.
Chemical analysis indicated the unwashed and unused Interceptor G2 and
Interceptor nets were within their specifications at the start of the study
(Table 2.6). No chemical analysis data were provided after 20 washes before
the trial; therefore the AI retention could not be calculated. However,
chemical analyses were conducted after the nets had been washed and
tested in the huts. The alpha-cypermethrin content on the Interceptor G2
declined from 2.10 g AI/kg before washing to 2.00 g AI/kg after 20 times
washing and after the hut trial, while the chlorfenapyr content declined from
4.75 g AI/kg before washing to 3.25 g AI/kg after washing and after the hut
trial (Tables 2.7 and 2.8).
The investigators concluded that the unwashed and washed Interceptor G2
outperformed the Interceptor LN when tested against a local, pyrethroidresistant strain. They also suggested that the Interceptor G2 has the
potential to control pyrethroid-resistant mosquitoes in Africa.
Mabogini, United Republic of Tanzania
An experimental hut study was conducted in Mabogini, United Republic of
Tanzania to test the efficacy and wash resistance of nets treated with alphacypermethrin and chlorfenapyr using two different binders (Kirby et al., 2017).
The primary malaria vector in this area is An. arabiensis. The population was
resistant to alpha-cypermethrin with 71% mortality in WHO susceptibility
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tests. Elevated oxidase and esterase activity have previously been observed
in the population but no mutations in the kdr or Ace-1 genes have been
found.
The nets were tested in standard East African style huts. The following eight
treatment arms were included:
1.
2.
3.
4.
5.
6.
7.
8.

Untreated polyester net
Interceptor LN, unwashed
Interceptor LN, washed 20 times
Test LN CA 56/1, unwashed
Test LN CA 56/1, washed 20 times
Test LN CA 56/2, unwashed
Test LN CA 56/2, washed 20 times
2
Polyester net, conventionally treated with chlorfenapyr at 200 mg/m
(CTN)
2

Each test LN was treated with 100 mg/m of alpha-cypermethrin plus 200
2
mg/m of chlorfenapyr plus a binder. The binders used in treating nets CA
56/1 and CA 56/2 were different. The company confirmed that the CA 56/2
formulation is the same as the Interceptor G2.
Thirty holes (4 cm x 4 cm) were cut in each net to simulate damage, which
was different from cutting only six holes according to the WHOPES LLIN
guidelines. Nine holes were cut on each long side panels and six on each
small side panels. The nets were washed in Savon de Marseille (pH = 10–11)
and tap water using a standard protocol with a 1 d washing interval.
The eight different treatment arms were rotated among seven different huts
at the Mabogini field station. Each treatment was tested for 1 wk in each of
the seven huts. Since there were more treatment arms than the number of
huts, each net was not tested during one of the eight rotations of the Latin
square. However, the untreated control net was included in each rotation
and therefore the chlorfenapyr CTN was not tested during two rotations.
Instead of human volunteers as prescribed in WHOPES guidelines, cows
were placed under the nets and rotated in a Latin square design. Mosquitoes
were collected from the huts beginning at 06:30. Mosquitoes were collected
from the floor, walls, exit traps and inside the nets and scored as alive or
dead and as fed or unfed. Live mosquitoes were held up to 72 h to assess
delayed mortality.
Supplemental bioassays were conducted on nets not used in the huts, and
after the hut trial on nets used in the huts. Bioassays were done using
cylinder tests rather than cone tests. Unfed F1 An. arabiensis were exposed
for 3 or 30 min and observed for mortality at 24, 48 and 72 h after exposure.
All tests were conducted between 20:00 and 23:00 as mosquitoes are more
active during these times. Four replicates of 10 mosquitoes were tested.
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A total of 648 mosquitoes were collected over 57 trapping nights. The mean
number of mosquitoes captured each night in the different huts ranged from
1.1 to 2.0. There was no evidence of deterrence as there were no significant
differences in the number of mosquitoes captured among the different
treatment arms. Exiting rates were high among all treatment arms, ranging
from 83% to 94% of the total mosquitoes entering the huts. There were no
significant differences in exiting rates among the different treatment arms.
Blood-feeding inhibition ranged between 15% and 34% (Table 2.1). It was
significantly higher for the Interceptor LN washed 20 times (31%), the
unwashed CA 56/1 (33%) and the unwashed CA 56/2 nets (34%) compared
to the unwashed Interceptor LN (15%), the CA 56/1 washed 20 times (17%)
and the CA 56/2 washed 20 times (23%). There was no blood-feeding
inhibition observed with the chlorfenapyr CTN.
After 24 h, mortality was 0% for the untreated control nets but 42% for the
Interceptor LN washed 20 times (Table 2.2). For all other treatment arms,
mortality ranged from 59% for the chlorfenapyr CTN to 71% for the
unwashed Interceptor G2.
Mortality at 72 h was high and was not significantly different among the
unwashed treated nets with corrected mortality ranging from 63% for the
unwashed Interceptor LN to 76.0% for the CA 56/2 (Interceptor G2) (Table
2.3). Washing did not reduce mosquito mortality for the CA 56/1 or CA 56/2
nets but did reduce to 45% for the Interceptor LN washed 20 times.
The 72 h mortality of F1 An. arabiensis exposed to CA 56/1 and CA 56/2
nets for 3 min in cones was significantly lower than the mortality observed in
the wild population in the hut trial (Table 2.4). In contrast, the 72 h mortality
of mosquitoes exposed to the Interceptor LN in cones was equal to or higher
than that observed in the hut trial. Using a 30 min exposure, the 72 h
mortality of mosquitoes exposed to the CA 56/1 and CA 56/2 nets was
similar to that observed in the hut trial. However, mortality of mosquitoes
exposed to the Interceptor LN was higher than that observed in the hut trial.
There were no differences in mortality between nets held back or nets tested
in the hut trial, suggesting that the routine use and handling of the nets did
not affect the availability of active ingredients on the nets.
Net samples were sent to BASF, Gemany for chemical analysis using the
same CIPAC method as was used in the first trial in Cové, Benin. Chemical
analysis indicated the unwashed, unused Interceptor G2 nets were within
specifications at the start of the study (Table 2.6). The Interceptor LN was
slightly underdosed for the alpha-cypermethrin content. After 20 washes, the
alpha-cypermethrin and chlorfenapyr content of the Interceptor G2 fell to 86%
and 82% of the original content, respectively (Tables 2.7 and 2.8). For the
Interceptor LN, the alpha-cypermethrin content fell to 40% of the original
content after 20 washes.
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Although the study had modified the standard WHOPES trial procedures, the
authors concluded that the bi-treated net with alpha-cypermethrin and
chlorfenapyr had a superior performance compared to the Interceptor LN in
terms of mortality against free-flying, pyrethroid-resistant An. arabiensis. The
authors also noted that the pyrethroid-treated nets caused higher bloodfeeding inhibition compared to the chlorfenapyr CTN, suggesting the
pyrethroid insecticide on the bi-treated nets still maintained some personal
protection.
Muheza, United Republic of Tanzania
An experimental hut study was conducted in Muheza, United Republic of
Tanzania to test the efficacy of the Interceptor G2 LN against pyrethroidresistant An. funestus and An. gambiae (Tungu et al., 2016). In WHO
susceptibility tests using permethrin treated papers conducted against F1
mosquitoes that were collected inside huts before the study, mortality was
46.7% for An. gambiae and 56.7% for An. funestus.
The nets were tested in standard East African style huts. The following six
treatment arms were included in the study:
1.
2.
3.
4.
5.
6.

Untreated polyester net, washed 20 times
Interceptor LN, unwashed
Interceptor LN, washed 20 times
Interceptor G2, unwashed
Interceptor G2, washed 20 times
2
Polyester net, conventionally treated with chlorfenapyr at 200 mg/m
(CTN)

Nets were washed in 10 L of soap solution (2 g/L of Savon de Marseille, pH
= 10–11) for 10 min with 3 min of agitation followed by 4 min of soaking
followed by another 3 min of agitation. Agitation was done by stirring the net
with a wooden pole at 20 rotations per minute. The nets were rinsed with
water twice using the same procedure. Nets were deliberately holed with 6
holes (4 cm x 4 cm) to simulate a torn net.
Treatment arms were rotated weekly through the huts while sleepers rotated
nightly through the huts in a Latin square design. Three different nets were
used in each treatment arm and each net was tested 3 nights during each
rotation. Mosquitoes were collected each morning and scored as dead or
alive and as fed or unfed. Live mosquitoes were held for 72 h to assess
delayed mortality. The trial was conducted over 54 collection nights.
WHO cone bioassays were conducted on unwashed and washed nets to
estimate the wash resistance of each net type. Five pieces were tested from
each net and 10 replicates of five pyrethroid-susceptible An. gambiae
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Kisumu strain were exposed for 3 min. Mortality was scored at 24 h, 48 h
and 72 h post-exposure.
The average number of An. funestus collected during the hut trial ranged
from 1.5 to 2.3 per hut per night. Significantly fewer An. funestus were
collected from the huts with the chlorfenapyr CTN compared to the huts with
the untreated net or the huts with the Interceptor LN or the Interceptor G2
washed 20 times. Mosquito exit rates were significantly higher for the huts
with treated nets compared to the untreated net. The exiting rates were
significantly higher for the huts with the Interceptor LN or the Interceptor G2,
regardless of washing, compared to the huts with the chlorfenapyr CTN.
Blood-feeding rates of An. funestus were significantly higher in the huts with
the chlorfenapyr CTN compared to all other treatment arms except the
untreated net (Table 2.1). Blood-feeding rates in the huts with the untreated
net were were not significantly different from those in the huts with the
unwashed Interceptor G2 but were significantly higher compared to those in
the huts with the unwashed or washed Interceptor LN or the Interceptor G2
washed 20 times. There were no significant differences in blood-feeding
rates between the huts with the Interceptor LN or the Interceptor G2,
regardless of washing.
After 24 h, mortality of An. funestus was 9% in the control huts, 15% in the
huts with the unwashed Interceptor LN and 14% in the huts with the
Interceptor LN washed 20 times (Table 2.2). Mortality in these treatment
arms was not significantly different from each other but was different from
the mortality in the huts with the unwashed Interceptor G2 (48%), the
Interceptor G2 washed 20 times (50%) and the chlorfenapyr CTN (43%).
Mortality of An. funestus at 72 h was highest in the huts with the Interceptor
G2 washed 20 times (70%), the chlorfenapyr CTN (65%) and the unwashed
Interceptor G2 (60%) (Table 2.3). Mortality was significantly higher in these
huts compared to those with the unwashed Interceptor LN (37%) or the
Interceptor LN washed 20 times (34%). Mortality in the huts with the
untreated net (21%) was significantly lower compared to all other treatment
arms.
Capture rates of An. gambiae were very low with only a total of 42
mosquitoes collected from the six huts over 54 nights. However, differences
in mortality were observed at 72 h with significantly higher mortality observed
in the huts with the unwashed Interceptor G2 and the Interceptor G2 washed
20 times compared to the untreated net.
In cone bioassays, the 72 h mortality of susceptible An. gambiae Kisumu
strain mosquitoes was 96% and 100% against the unwashed Interceptor and
the Interceptor washed 20 times, respectively. Mortality of mosquitoes
exposed to the chlorfenapyr CTN was 92%, 95% and 100% after 24 h, 48 h
and 72 h, respectively. Before washing, mortality in cone tests of mosquitoes
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exposed to the Interceptor G2 was 60%, 85% and 100% after 24, 48 and 72
h, respectively. For the Interceptor G2 washed 20 times, mortality was 73%,
80% and 93% after 24 h, 48 h and 72 h, respectively (Table 2.4).
Net samples were sent to BASF, Gemany for chemical analysis using the
same CIPAC method as was used in the first trial in Cové, Benin.
No chemical analysis data were provided at baseline; therefore the AI
retention could not be calculated. However, chemical analyses were
conducted after the nets had been washed and tested in the huts (Tables
2.7 and 2.8).
The investigators concluded that the Interceptor G2 retained its efficacy after
repeated washing and would be significantly more likely to protect against
both An. funestus and An. gambiae in east and southern Africa.

2.3

Efficacy – WHOPES supervised trials

2.3.1

Laboratory study

Cotonou, Benin
Phase I laboratory studies were conducted to determine the regeneration
time and wash resistance of Interceptor G2 (N’Guessan et al., 2016). The
nets tested included four Interceptor G2 and two untreated nets. In addition,
six nets were hand-treated in Benin as follows: two nets were treated with
2
2
chlorfenapyr at 200 mg/m , two nets with alpha-cypermethrin at 100 mg/m
2
and two nets with a mixture of chlorfenapyr (200 mg/m ) and alpha2
cypermethrin (100 mg/m ).
Fourteen pieces of netting (25 cm × 25 cm) were cut from each of the four
Interceptor G2 nets and used for the Phase I study (4 × 14 = 56 pieces in
total). Eight pieces (4 × 2 = 8 pieces) were used for the regeneration time
study and 28 pieces (4 × 7 = 28 pieces) for the wash resistance evaluation.
The remaining 20 pieces (4 × 5 = 20 pieces) were stored at 4 °C and sent for
chemical analysis.
The mosquito strains used in the testing included An. gambiae Kisumu strain,
An. gambiae Cové strain that originates from a site in Benin, and a strain of
Culex quinquefasciatus from Cotonou. The An. gambiae Kisumu strain was
fully susceptible to pyrethroid insecticides. The An. gambiae Cové strain is
highly resistant to pyrethroids with a resistance ratio of 200x (95%
confidence interval: 120–316) for alpha-cypermethrin. Resistance
mechanisms include the kdr 1014F (89%) and elevated activity of mixedfunction oxidases. The Cx. quinquefasciatus strain is highly resistant to
several classes of insecticides. It shows phenotypic resistance to pyrethroids,
DDT and carbamates. Kdr gene is present at a high frequency and the strain
has high activity levels of mixed-function oxidases, esterases and
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glutathione-S-transferases. Resistance in the An. gambiae Cové strain is
highly unstable when colonized; therefore it was decided to drop tests with
this strain. Instead, Cx. quinquefasciatus strain, which exhibits stable
resistance to pyrethroids, was used to estimate regeneration time and wash
resistance.
To determine regeneration time, eight net pieces were washed three times
consecutively in one day and then tested in cone bioassays and tunnel tests
on day +1, +2, +3, +5, +6 and +7. An. gambiae Kisumu strain was used to
determine the regeneration time for alpha-cypermethrin while Cx.
quinquefasciatus was used for the regeneration time of chlorfenapyr. The
wash resistance of the Interceptor G2 was assessed after 1, 3, 5, 10, 15, 20
and 25 standardized washes. All washes were done according to the
standard WHOPES guidelines.
The WHO cone tests were conducted by introducing five, non blood-fed, 3–5
d old An. gambiae Kisumu or Cx. quinquefasciatus mosquitoes into plastic
cones attached to netting materials. Mosquitoes were exposed for 3 min, or
for extended periods of 30 min or 2 h (for the resistant Cx. quinquefasciatus).
Knockdown was recorded 1 h after the exposure period while mortality was
recorded at 24 h, 48 h and 72 h. Four cones were used on the same net
sample. Mosquitoes exposed to untreated nets were used as negative
controls whereas those exposed to chlorfenapyr alone, alpha-cypermethrin
alone or a mixture of the two insecticides served as positive controls.
Bioassays were carried out at 27 ± 2 °C and 75 ± 10% relative humidity (RH).
Tunnel tests were conducted using a tunnel (square section 25 x 25 cm)
made of glass, 60 cm length. At each end of the tunnel, a 25 cm side cage
covered with polyester netting was fitted. At one third of the length, a frame
with the treated netting sample was fitted. The surface of netting “available”
2
to mosquitoes was 400 cm (20 x 20 cm) with nine holes of 1 cm diameter
cut in the netting sample. In the shorter section of the tunnel, a restrained
guinea pig served as a bait. In the cage placed at the longer section of the
tunnel, 100 3–5 d old, unfed females were introduced at 18:00. Females
were free to fly and contact the netting as they moved towards the bait. The
following morning, at 09:00, the mosquitoes were removed and counted
separately from each section of the tunnel and the mortality and bloodfeeding rates were recorded. After recording mortality, surviving females
were transferred to holding cups and mortality recorded at 24 h, 48 h and 72
h. Several tunnels were used simultaneously, one tunnel with untreated
netting always being used as a negative control. Blood-feeding inhibition
was assessed by comparing the proportion of blood-fed females (alive or
dead) in the treated and control tunnels. During tests, cages were
maintained at 27 ± 2 °C and 75% ± 10% RH under subdued light.
In preliminary tests, 3 min cone bioassays with An. gambiae Kisumu strain
showed 98% knockdown and 90% mortality at 24 h when exposed to the
alpha-cypermethrin
CTN.
When
exposed
to
the
alpha17

cypermethrin+chlorfenapyr CTN, knockdown and mortality were 100%. For
the chlorfenapyr only CTN, knockdown was 0% and mortality was 2%.
Therefore, the 3 min cone bioassay was considered an adequate test for
determining time for regeneration of alpha-cypermethrin in the Interceptor
G2.
In tunnel tests with An. gambiae Kisumu strain exposed to the alphacypermethrin only CTN, immediate mortality of mosquitoes was 95% and
mortality rose to 100% when exposed to the alpha-cypermethrin only CTN.
When exposed to the chlorfenapyr CTN, immediate mortality was 59%,
which increased to 94.5% after 72 h of holding. It was therefore concluded
that the An. gambiae Kisumu strain was not appropriate to estimate
regeneration time for chlorfenapyr in the Interceptor G2 LN as it could not be
distinguished from alpha-cypermethrin.
Tunnel tests were then undertaken using the pyrethroid-resistant Cx.
quinquefasciatus strain. Immediate mortality of mosquitoes exposed to the
chlorfenapyr CTN was 36% but increased to 86% at both 24 h and 72 h.
There was no significant difference in mortality between the chlorfenapyr
CTN and the mixture CTN. Mortality of Cx. quinquefasciatus with alphacypermethrin CTN was 8.3%. The investigators concluded that the mortality
of pyrethroid-resistant Cx. quinquefasciatus after exposure to Interceptor G2
LN could be attributed to chlorfenapyr rather than to alpha-cypermethrin.
To determine the regeneration time for alpha-cypermethrin in the Interceptor
G2, net pieces were washed and bioassays conducted as described above.
In 3 min cone tests, knockdown of An. gambiae Kisumu strain was 100%
before washing. Knockdown dropped to 85% immediately after washing,
then rose to 100% and remained between 97% and 100% without significant
differences until 7 d after storage. The unwashed Interceptor G2 caused 82%
mortality at 72 h. Mortality dropped to 76% after three consecutive washes.
Mortality did not change significantly thereafter except for 4 d after washing
when mortality was 54.7%. Based upon the knockdown and 72 h mortality of
susceptible An. gambiae Kisumu strain, the regeneration time of alphacypermethrin was considered to be 1 d.
Although the regeneration time was determined using the cone test, tunnel
tests were also done to estimate regeneration time. Mortality at 72 h was
higher in the tunnel test but the trends were similar to that of the cone test.
The unwashed Interceptor G2 killed 96% of susceptible Kisumu strain. After
washing three times, mortality fell to 75%. Mortality rose to 86% 1 d after
washing and did not vary significantly up to 7 d post-washing, ranging from
86% to 90%. The tunnel data confirmed that the alpha-cypermethrin in the
Interceptor G2 LN regenerated within 1 d after washing.
To estimate the regeneration time of chlorfenapyr in the Interceptor G2, cone
tests were initially run with the pyrethroid-resistant Cx. quinquefasciatus.
Mortality was never higher than 33% even after a 2 h exposure and it was
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concluded that the cone test was inappropriate to estimate regeneration time
for the chlorfenapyr.
In the tunnel test, the unwashed Interceptor G2 caused 92% mortality of Cx.
quinquefasciatus. Mortality fell to 83% after washing three times. One day
after storage, mortality rose to 88% and did not vary significantly up to 7 d
after washing. Therefore, it was concluded that the regeneration time for the
chlorfenapyr was 1 d.
Based upon the cone tests with pyrethroid-susceptible An. gambiae and
tunnel tests with pyrethroid-resistant Cx. quinquefasciatus, it was concluded
that the regeneration time was the same for both alpha-cypermethrin and
chlorfenapyr and that the washing interval for the Interceptor G2 should be 1
d.
A summary of the wash resistance results is presented in Table 2.9. Cone
tests with susceptible An. gambiae Kisumu strain caused 100% knockdown
through 20 washes. After 25 washes, knockdown was 97%. Mortality at 24 h
was 33% on the An. gambiae Kisumu strain exposed to the unwashed
Interceptor G2. After 1 wash, 24 h mortality rose to 75% and then was above
80% through 10 washes. After 15 to 25 washes, 24 h mortality ranged
between 46% and 55%. Mortality at 72 h of An. gambiae was 48% for the
unwashed Interceptor G2 but was 82% after one wash and remained above
80% through 10 washes. Mortality at 72 h declined after 15 washes to 61%.
Mortality at 72 h was 56% after 20 washes and 61% after 25 washes.
In tunnel tests with susceptible An. gambiae Kisumu strain, mortality at 24 h
was > 90% for all washes except after 25 washes when 24 h mortality fell to
76%. Mortality at 72 h ranged between 94% and 98% through 25 washes.
Blood-feeding inhibition ranged between 89% and 96% through 20 washes.
After 25 washes, blood-feeding inhibition declined to 72%.
In cone tests with pyrethroid-resistant Cx. quinquefasciatus, mortality at 72 h
was < 15% even after a 2 h exposure period. Therefore, the cone test was
not considered an appropriate measure of the wash resistance of
chlorfenapyr on Interceptor G2. The wash resistance tests confirmed this
observation. Mortality after 24 h was 11% for the unwashed Interceptor G2.
After washing, mortality was less than 10% through 25 washes. Mortality
after 72 h was higher but still low. For the unwashed Interceptor G2, 72 h
mortality was 23%. After washing up to 25 times, 72 h mortality ranged
between 9% and 14%.
In tunnel tests with Cx. quinquefasciatus, mortality at 24 h was 91% for the
unwashed Interceptor G2, 79% after 1 wash and 84% after 3 washes. After 5
and 10 washes, 24 h mortality declined to 62% and 66%, respectively before
declining to < 40% for the remaining washes. Mortality at 72 h was > 80%
through 3 washes. Mortality at 72 h declined to 68% after 5 washes and 68.4%
after 10 washes before declining further. Mortality at 72 h was 39% after 15
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washes, 33% after 20 washes and 25% after 25 washes. The trend for
blood-feeding inhibition was similar to that of the mortality. Blood-feeding
inhibition ranged from 65% to 85% up to 10 washes. Thereafter, bloodfeeding inhibition declined to 39% after 15 washes, 43% after 20 washes
and 30% after 25 washes.
The chemical analysis of all net samples was performed by the WHO
Collaborating Centre for Quality Control of Pesticides (CRA-W, Gembloux,
Belgium).
Alpha-cypermethrin and chlorfenapyr content were determined in samples
using a method based on the CIPAC method 454/LN/M/3.1. This method
involves extraction of alpha-cypermethrin and chlorfenapyr by refluxing for 5
min in tetrahydrofuran in the presence of dicyclohexyl phthalate as internal
standard and addition of citric acid, and determination by gas
chromatography with flame ionization detection (GC-FID) (Pigeon et al.,
2016).
A summary of the chemical content analysis is given in Table 2.10 for the
unwashed/baseline nets and in Table 2.11 for the washed nets. Chemical
analysis of Interceptor G2 nets before washing indicated that the alphacypermethrin and chlorfenapyr content were within specifications (2.4 g/kg ±
25% and 4.8 g/kg ± 25%, respectively for 100 denier yarn). The content was
determined on four pieces, each one from four different Interceptor G2 nets,
and showed an acceptable between-net homogenenity of the active
substances [between-net relative standard deviation (% RSD) < 10%].
Alpha-cypermethrin content of Interceptor LN nets was within specifications
(5.0 g/kg ± 25% for 100 denier yarn) and between-net homogeneity was
acceptable [(%RSD) < 10%].
Alpha-cypermethrin content in the Interceptor G2 declined from 2.47 g/kg to
1.05 g /kg after 25 washes (Table 2.11). The overall wash resistance was
42.7% through 25 washes corresponding to a wash resistance index of 96.9%
(Figure 2.1). For chlorfenapyr, the content was 5.23 g/kg at baseline and fell
to 0.61 g/kg after 25 washes. The overall retention of chlorfenapyr was 11.7%
after 25 washes corresponding to a wash retention index of 92.0%. Alphacypermethrin content in the Interceptor LN declined from 5.62 g/kg to 0.51 g
AI/kg after 25 washes. The overall wash retention was 9.0% through 25
washes, corresponding to a wash resistance index of 90.8%.
The investigators concluded that both the active ingredients on the
Interceptor G2 have a regeneration time of 1 d. In wash resistance tests with
a 1 d washing interval, the Interceptor G2 caused ≥ 95% knockdown against
a pyrethroid-susceptible strain of mosquitoes through 25 washes. Mortality of
the susceptible strain was < 80% after 20 washes. However, knockdown
was > 95% and, in tunnel tests, the Interceptor G2 met the efficacy criteria
for mortality through 20 washes.
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Based upon these data, the Interceptor G2 meets the criteria for WHOPES
Phase I efficacy testing for LNs.

2.3.2

Experimental hut studies

Muheza, United Republic of Tanzania
An experimental hut study was conducted in Muheza, United Republic of
Tanzania to determine the efficacy of the Interceptor G2 LN against wild,
free-flying pyrethroid-resistant mosquitoes (Tungu et al., 2017a). The
primary malaria vectors in the area are An. funestus and An. gambiae.
Susceptibility tests were carried out using WHO tube test kits 0.75%
permethrin-treated papers. The F1 progeny of adult mosquitoes collected
from untreated nets during and just after the trial were used in the tests. The
mortality of An. funestus was 52.6% and that of An. gambiae was 43%,
indicating resistance to permethrin of both species. Alpha-cypermethrin
papers were not available at the time of the experimental hut study in late
2016 but tests conducted in early 2016 with 0.05% alpha-cypermethrin
papers produced 52.7% mortality in An. gambiae.
The experimental hut study was conducted in standard East African style
huts. The huts were made with brick walls plastered with mud on the inside,
a wooden ceiling lined with hessian sackcloth, corrugated iron roof, open
eaves, with window traps and veranda traps on each side. The huts were
built on concrete plinths and surrounded by a water-filled moat to deter entry
of scavenging ants. Two screened and closed veranda traps were located
on opposite sides of the huts to capture any mosquitoes that exited the huts
via the open eaves. The eaves of the two unscreened open verandas were
baffled inwardly to funnel host-seeking mosquitoes into the hut and to
prevent exiting through these openings.
Six treatment arms were tested in the huts:
1.
2.
3.
4.
5.
6.

Untreated polyester net
Interceptor LN, unwashed
Interceptor LN, washed 20 times
Interceptor G2, unwashed
Interceptor G2, washed 20 times
2
Polyester net, conventionally treated with chlorfenapyr at 200 mg/m
(CTN)

All nets were of 100 denier and there were three nets used in each treatment
arm. Six holes (4 cm x 4 cm) were cut in each net to simulate a torn net. For
the washed nets, washing was done in 10 L of soap solution (2 g/L of Savon
de Marseille, pH = 10–11). Nets were agitated for 3 min by stirring with a
wooden pole, then allowed to soak for 4 min, and then stirred again for 3 min.
The nets were rinsed twice using the same procedure with clean tap water.
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The treatments were rotated among the huts weekly while sleepers rotated
among the huts nightly in a Latin square design. Replicate nets within each
arm were tested for 2 nights during each rotation. Sleepers entered the huts
at fall of night. In the morning, mosquitoes were collected from the floor, the
walls, the exit traps and from inside the nets in the huts. Mosquitoes were
classified as alive or dead and as fed or unfed. Live mosquitoes were held
for 72 h to assess delayed mortality. One full rotation (36 nights) of the Latin
square was conducted.
Supplementary cone bioassays were conducted using laboratory-reared
pyrethroid-susceptible An. gambiae Kisumu strain. The bioassays were
performed on Interceptor G2, Interceptor LN and CTN by exposing An.
gambiae at 0 wash and after 20 washes. Ten replicate batches of five
mosquitoes per batch were tested at each wash interval on the five positions
of each net. Mosquitoes were exposed for 3 min and mortality was scored at
24 h, 48 h and 72 h later. Pyrethroid-resistant wild-caught mosquitoes were
not used in the cone bioassays because the density of mosquitoes was too
low to obtain adequate numbers for testing.
In 3 min exposures in cone bioassays, the mortality of An. gambiae was 100%
against the unwashed Interceptor LN and 98% against the Interceptor LN
washed 20 times. With the chlorfenapyr CTN, mortality was 90%, 95% and
100% after 24 h, 48 h and 72 h post-exposure, respectively. For the
unwashed Interceptor G2, mortality was 100% 24 h post-exposure. Mortality
induced by Interceptor G2 washed 20 times was 62%, 72% and 86% after
24 h, 48 h and 72 h, respectively (Table 2.4).
The mean number of An. funestus caught per trap night ranged from 1.3 to
1.9 per hut per night. Exiting rates were significantly lower in the huts with
the Interceptor G2 nets (46.6%) compared to all other treatment arms except
for the huts with the Interceptor G2 washed 20 times (54%). Exiting rates for
the Interceptor G2 washed 20 times were significantly lower compared to
those of the huts with untreated nets or with chlorfenapyr CTNs. No other
differences were observed (Table 2.1). Blood-feeding rate ranged from 8%
to 15% but there were no significant differences among the treatment arms.
Mortality of An. funestus after 24 h was significantly higher for the unwashed
Interceptor G2 (30%) compared to all other treatment arms except the
chlorfenapyr CTN (27%) (Table 2.2). Mortality in the remaining four
treatment arms ranged from 11% in the untreated nets to 17% for the
Interceptor LN washed 20 times. There were no significant differences in
mortality among these four treatment arms.
Mortality after 72 h significantly increased for the chlorfenapyr CTN (45%),
the unwashed Interceptor G2 (53%) and the Interceptor G2 washed 20 times
(49%) (Table 2.3). Mortality increased but not significantly for the untreated
net (14%), the unwashed Interceptor LN (16%) and the Interceptor LN
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washed 20 times (18%). Mortality of An. funestus after 72 h was significantly
higher in the huts with the chlorfenapyr CTN, the unwashed Interceptor G2
and the Interceptor G2 washed 20 times.
Alpha-cypermethrin and chlorfenapyr content were determined in all net
samples using a draft CIPAC method jointly developed by CRA-W and BASF.
This method involves extraction of alpha-cypermethrin and chlorfenapyr by
ultrasonication at ambient temperature for 30 min in heptane in the presence
of dicyclohexyl phthalate as internal standard, by adding citric acid, and
determination by gas chromatography with flame ionization detection (GCFID) (Mabon et al., 2017a).
A summary of the chemical content analysis is given in Tables 2.10, 2.12
and 2.13. The mean alpha-cypermethrin content in three unwashed
Interceptor G2 was 2.81, 2.79 and 2.77 g/kg. The nets complied with the
target dose of 2.4 g/kg ± 25% for 100 denier yarn (1.8–3.0 g/kg) and had
acceptable alpha-cypermethrin within-net homogeneity [within-net relative
standard deviation (% RSD) < 10%] (Table 2.10). The alpha-cypermethrin
content was 1.65 g/kg after 20 washes, corresponding to an overall alphacypermethrin retention of 59%. After the field trial, the alpha-cypermethrin
content did not decrease, as it was 2.85 g/kg for the unwashed Interceptor
G2 and 1.75 g/kg for the Interceptor G2 washed 20 times (Table 2.12).
The mean chlorfenapyr content in three unwashed Interceptor G2 was 5.22,
5.18 and 5.12 g/kg. The nets complied with the target dose of 4.8 g/kg ± 25%
for 100 denier yarn [3.6–6.0 g/kg] and had acceptable chlorfenapyr withinnet homogeneity [(% RSD) < 10%] (Table 2.10). The chlorfenapyr content
was 1.66 g/kg after 20 washes, corresponding to an overall chlorfenapyr
retention of 32%. After the field trial, the chlorfenapyr content did not
decrease, as it was 5.08 g/kg for the unwashed Interceptor G2 and 1.79 g/kg
for the Interceptor G2 washed 20 times (Table 2.13).
The mean alpha-cypermethrin content in three unwashed Interceptor LN was
5.55, 5.38 and 5.37 g/kg. The nets complied with the target dose of 5.0 g/kg
± 25% for 100 denier yarn (3.8–6.3 g/kg) and had acceptable alphacypermethrin within-net homogeneity (% RSD < 20%) (Table 2.10). The
alpha-cypermethrin content was 1.59 g/kg after 20 washes, corresponding to
an overall alpha-cypermethrin retention of 30%. After the field trial, the
alpha-cypermethrin content did not decrease, as it was 5.18 g/kg for the
unwashed Interceptor LN and 1.52 g/kg for the Interceptor LN washed 20
times (Table 2.12).
Insufficient numbers of An. gambiae were collected during the hut study and
no formal analysis was conducted for this species.
The authors concluded that the Interceptor G2 LN demonstrated significantly
higher mortality compared with the Interceptor LN over multiple washes. The
results suggested that pyrethroid-resistant An. funestus from Muheza is
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more effectively controlled by Interceptor G2 than by standard pyrethroidonly Interceptor LN.
M’bé, Côte d’Ivoire
A Phase II experimental hut study was conducted in M’bé, Côte d’Ivoire to
determine the efficacy of the Interceptor G2 against wild, free-flying
mosquitoes in an area with high levels of resistance to pyrethroid
insecticides (Camara et al., 2017). The study was conducted in a rice
growing area in the central region of Côte d’Ivoire. The mosquito population
in the area is composed of An. gambiae s.l., An. funestus, Culex spp. and
Mansonia spp. The primary malaria vector in the area is An. coluzzii which
has been shown to be resistant to organochlorines, pyrethroids and
carbamates. The resistance mechanisms detected in this population include
the L1014F kdr mutation with a frequency of approximately 80% as well as
metabolic resistance mechanisms.
The huts employed for the study were of the West African design, made from
concrete bricks, with a corrugated iron roof, a ceiling of thick polyethylene
sheeting, and a concrete base surrounded by a water-filled channel to
prevent entry of ants. Mosquitoes could enter the huts through four window
slits constructed from pieces of metal. The metal pieces were fixed at an
angle to create a funnel with a 1 cm wide gap designed to limit exit of
mosquitoes from the hut. A single veranda trap made of polyethylene
sheeting and screening mesh projected from the back wall of each hut.
Movement of mosquitoes between hut and veranda was unimpeded during
the night through an open internal door.
Six treatment arms were included in the study:
1.
2.
3.
4.
5.
6.

Untreated polyester net
Interceptor LN, unwashed
Interceptor LN, washed 20 times
Interceptor G2, unwashed
Interceptor G2, washed 20 times
2
Polyester net, conventionally treated with chlorfenapyr at 200 mg/m
(CTN)

The nets were washed according to a protocol adapted from the standard
WHO washing procedure with a 1 d washing interval. Nets were washed in
10 litres of well water containing 2 g/L of soap (“Savon de Marseille” like).
Each net was agitated for 3 min, followed by a 4 min soak and then agitated
again for 3 min. Agitation was done by stirring the net with a pole at 20
rotations per min. Rinsing was done twice using clean water. Six holes
measuring 4 cm x 4 cm were made in each net to simulate torn nets.
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Treatment arms were tested for 6 nights in each hut and then rotated among
the huts each week according to a Latin square scheme. Sleepers rotated
randomly among the huts each night. Six nets were used per treatment arm
with each of the six nets tested one night during the week. In this trial, one
complete Latin square (6 wk) was enough to obtain sufficient numbers of
mosquitoes for statistical analysis.
Cone bioassays were conducted on three nets per treatment arm before
washing was done, after all the washings were completed and after the hut
trial was completed. For each net, five cones were placed on the five
sections of the net (roof and four sides). Five females were introduced into
each cone and exposed for a standard WHOPES exposure time of 3 min to
net. Because a 3 min cone test may not induce adequate mortality by
chlorfenapyr due to its specific mode of action, additional tests were done
using an exposure time of 30 min. Bioassays were replicated so that 10
mosquitoes were tested per cone and therefore 50 mosquitoes were tested
per net. An additional 50 mosquitoes were tested on each net after a 30 min
exposure period. Knockdown was recorded 60 min after exposure while
mortality was checked at 24 h, 48 h and 72 h after exposure. The strains
tested in the bioassays were the pyrethroid-susceptible An. gambiae Kisumu
strain and the local M’be strain.
A seventh net in each of the comparison arms was not tested in the huts but
used for chemical assays. One piece of 30 cm x 30 cm netting was taken
from each of the five locations of these six nets according to WHO
specifications before any washing and set aside for chemical analysis. After
washes were completed, a second net piece of 30 cm x 30 cm was taken
from each of the five locations of the nets. At the end of the experimental hut
trial, one net piece of 30 cm x 30 cm was taken from each of the five
locations of the six nets tested in the field (one per treatment arm). All netting
samples for chemical analysis were put in labelled aluminium foil kept in
sealed bags and stored at +4 °C and sent for chemical analysis to the WHO
Collaborating Centre for Quality Control of Pesticides (CRA-W, Gembloux,
Belgium).
In bioassays conducted before washing, the Interceptor LN caused 97%
knockdown and 99% mortality while the Interceptor G2 caused 61%
knockdown and 42% mortality after 72 h among the An. gambiae Kisumu
strain (Table 2.4). For the chlorfenapyr CTN, knockdown was 2% and
mortality was 18%. When the M’be strain was exposed to the same nets,
knockdown and mortality at 72 h were 4% and 9% against the Interceptor LN.
Mortality of mosquitoes exposed to the Interceptor G2 was 26% while
mortality was 12% among mosquitoes exposed to the chlorfenapyr-treated
net. Knockdown was 0% for both nets. Increasing the exposure time to 30
min increased the efficacy of each treatment. For the Kisumu strain,
knockdown was 100% for the Interceptor LN and the Interceptor G2.
Mortality at 72 h was 100% for the Interceptor LN and 81% for the
Interceptor G2. Knockdown of the Kisumu strain exposed to the chlorfenapyr
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was 16% while mortality was 53%. For the M’be strain, knockdown was < 15%
for all treatment arms while mortality at 72 h was 87% for the Interceptor LN,
65% for the Interceptor G2 and 24% for the chlorfenapyr-treated net.
After washing but before the field trial, 3 min cone bioassays with the Kisumu
strain resulted in 100% mortality and knockdown for both the Interceptor LN
and the Interceptor G2. For the M’be strain, knockdown was 21% for the
Interceptor LN and 5% for the Interceptor G2. Mortality at 72 h was 14% and
8% for the Interceptor LN and the Interceptor G2 LN, respectively. Using a
30 min exposure, knockdown and mortality of the Kisumu strain were again
100% for both the Interceptor LN and the Interceptor G2. For the M’be strain,
knockdown was 62% and 15% for the Interceptor LN and the Interceptor G2,
respectively. Mortality at 72 h was 17.3% and 24.0%, respectively.
After the hut trial, 3 min cone bioassays resulted in > 90% knockdown and
100% mortality for the An. gambiae Kisumu strain exposed to unwashed or
20 times washed Interceptor LN. For the unwashed Interceptor G2,
knockdown was 84% and mortality at 72 h was 35% while for the Interceptor
G2 washed 20 times, knockdown and mortality were 100%. For the
chlorfenapyr-treated net, knockdown was 21% while mortality at 72 h was
56%. Three-min cone tests with the M’be strain resulted in much lower
knockdown and mortality. Knockdown was highest on the Interceptor LN
washed 20 times at 23%. Knockdown for all other treatment arms was
< 10%. Mortality at 72 h was 27% for the unwashed Interceptor LN, 15% for
the Interceptor LN washed 20 times and 14% for the chlorfenapyr treated net.
Mortality at 72 h was < 10% for the washed and unwashed Interceptor G2.
Using a 30 min exposure time, knockdown was 100% for the washed and
unwashed Interceptor LN and for the washed and unwashed Interceptor G2.
Mortality at 72 h was 100% for these same nets except for the unwashed
Interceptor G2 where mortality was 86%. For the M’be strain, knockdown
was highest for the Interceptor LN washed 20 times (28%) followed by the
Interceptor G2 washed 20 times (15%). Knockdown was < 10% for all other
treatment arms. Mortality at 72 h was 45% for the unwashed Interceptor LN,
32% for the Interceptor LN washed 20 times and 46% for the chlorfenapyrtreated net. Mortality for the unwashed and washed Interceptor G2 nets was
18% and 20%, respectively (Table 2.4).
In the experimental hut study, a total of 611 An. gambiae s.l. were collected
from the control huts over 36 nights for an average of 17 mosquitoes per hut
per night. This was significantly higher compared to all other treatment arms
where the average number of An. gambiae s.l. per hut per night ranged from
7.1 to 10.3. Exiting rates were also significantly higher in the huts with
treated nets compared to the 30% rate for the control huts. Exiting rates for
the washed and unwashed Interceptor G2 were 45% and 46%, respectively,
which was significantly lower compared to the other treatment arms. For the
Interceptor G2, 55% of An. gambiae s.l. were captured in the veranda trap,
which was not significantly different from the chlorfenapyr-treated net where
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57% had exited. Exiting rates were significantly higher in the huts with the
unwashed Interceptor G2 where 67% of mosquitoes were captured in the
veranda.
Blood-feeding rates for An. coluzzi were significantly higher in the huts with
the untreated nets (49%), the unwashed Interceptor LN (50%) and the
Interceptor LN washed 20 times (45%) compared to the other treatment
arms (Table 2.1). Blood-feeding rates were 23% for the chlorfenapyr treated
net (CTN), 28% for the unwashed Interceptor G2 and 33% for the Interceptor
G2 washed 20 times.
Mortality at 72 h was slightly higher compared to mortality at 24 h for all
treatment arms but the trends between treatment arms were similar at both
24 h and 72 h (Tables 2.2 and 2.3). At 24 h, mortality was 12% in the control
huts and 19% in the huts with the unwashed Interceptor LN and the
Interceptor LN washed 20 times. Mortality was 87%, 83% and 90% for the
unwashed Interceptor G2, the Interceptor G2 washed 20 times and the
chlorfenapyr CTN, respectively.
At 72 h, mortality was 15% in the huts with untreated nets. Mortality was
significantly higher in the huts with the unwashed Interceptor LN (23%) or
the Interceptor LN washed 20 times (24%). Mortality was significantly higher
in the huts with the chlorfenapyr CTN (94%), the unwashed Interceptor G2
(91%) and the Interceptor G2 washed 20 times (84%) compared to the huts
with the unwashed and washed Interceptor LNs.
For other Culicidae, the average number of mosquitoes collected was
highest in the huts with untreated nets with 9.9 moquitoes collected per hut
per night. A significantly lower number of mosquitoes (6.6 per hut per night)
was collected from huts with the chlorfenapyr-treated net. The mean number
of mosquitoes collected from other huts ranged from 3.0 to 4.1 per hut per
night and these were significantly fewer than either for the untreated net or
the chlorfenapyr-treated net. Exiting rates were also significantly higher from
the huts with treated nets compared to the huts with the untreated net where
37% of mosquitoes exited to the veranda traps. Significantly more
mosquitoes exited from the huts with the unwashed Interceptor G2 (69%) net
compared to all other treatment arms. Exiting rates for the huts with the
Interceptor G2 washed 20 times (58%) and the chlorfenapyr-treated net
(61%) were significantly higher compared to the unwashed and washed
Interceptor LNs where the exiting rates were 56% and 45%, respectively.
Blood-feeding rates were 58% in the huts with the untreated nets but were
significantly lower in the huts with treated nets i.e. 11% for huts with
unwashed or washed Interceptor LN, which were lower compared to the
other treatment arms (Table 2.1). Among the arms with treated nets, bloodfeeding rates were highest in the huts with the chlorfenapyr-treated net (25%)
and the unwashed Interceptor G2 (23%). For the huts with the Interceptor
G2 washed 20 times, the blood-feeding rate was 20%.
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Mortality at 24 h was 29% in the huts with the untreated net while mortality
for the other treatment arms ranged from 82% for the washed and unwashed
Interceptor G2 to 92% for the unwashed Interceptor LN (Table 2.2). Mortality
at 72 h was 41% in the huts with the untreated net, which was significantly
lower compared to all other treatment arms (Table 2.3). Mortality in the huts
with the unwashed Interceptor LN (93%) was significantly higher than the
other treatment arms where mortality ranged from 80% to 87%.
Alpha-cypermethrin and chlorfenapyr content were determined in all samples
using a draft CIPAC method jointly developed by CRA-W and BASF. This
method involves extraction of alpha-cypermethrin and chlorfenapyr by
ultrasonication at 60 °C for 30 min in heptane in presence of dicyclohexyl
phthalate as internal standard, addition of citric acid, and determination by
gas chromatography with flame ionization detection (GC-FID) (Mabon et al.,
2017b).
A summary of the chemical content analysis is given in Tables 2.10, 2.12
and 2.13. The mean alpha-cypermethrin content in two unwashed
Interceptor G2 was 2.71 and 2.73 g/kg. The nets complied with the target
dose of 2.4 g/kg ± 25% for 100 denier yarn [1.8–3.0 g/kg] and had
acceptable alpha-cypermethrin within-net homogeneity [within-net relative
standard deviation (% RSD) < 10%] (Table 2.10). The alpha-cypermethrin
content was 2.08 g/kg after 20 washes, corresponding to an overall alphacypermethrin retention of 76%. After field trial, the alpha-cypermethrin
content did not decrease, as it was 2.64 g/kg for the unwashed Interceptor
G2 and 2.0 g/kg for the Interceptor G2 washed 20 times (Table 2.12).
The mean chlorfenapyr content in two unwashed Interceptor G2 was 5.21
and 5.34 g/kg. The nets complied with the target dose of 4.8 g/kg ± 25% for
100 denier yarn [3.6–6.0 g/kg] and had acceptable chlorfenapyr within-net
homogeneity [(% RSD) < 10%] (Table 2.10). The chlorfenapyr content was
3.40 g/kg after 20 washes, corresponding to an overall chlorfenapyr
retention of 64%. After the field trial, the chlorfenapyr content did not
decrease, as it was 5.15 g/kg for the unwashed Interceptor G2 and 3.43 g/kg
for the Interceptor G2 washed 20 times (Table 2.13).
The mean alpha-cypermethrin content in two unwashed Interceptor LN was
5.52 and 6.86 g/kg. One net complied with the target dose of 5.0 g/kg ± 25%
for 100 denier yarn [3.8–6.3 g/kg] while the other was slightly overdosed.
The nets had acceptable alpha-cypermethrin within-net homogeneity [(%
RSD) < 10%] (Table 2.10). The alpha-cypermethrin content was 1.57 g/kg
after 20 washes, corresponding to an overall alpha-cypermethrin retention of
23%. After the field trial, the alpha-cypermethrin content did not decrease, as
it was 5.70 g/kg for the unwashed Interceptor and 1.46 g/kg for the
Interceptor washed 20 times (Table 2.12).
The investigators concluded that the Interceptor G2 met the efficacy criteria
for Phase II experimental hut studies. They also noted that the Interceptor
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G2 LN had better efficacy against the wild, pyrethroid-resistant An. gambiae
mosquitoes compared to the positive control (reference) Interceptor LN,
indicating the added value of chlorfenapyr in the Interceptor G2.

2.4

Conclusions and recommendations

The Interceptor G2 LN is a long-lasting insecticidal net manufactured by
BASF, Germany. The net is made of knitted multi-filament polyester fibres
coated with alpha-cypermethrin and chlorfenapyr. The Interceptor G2 is
2
treated with alpha-cypermethrin at a target dose of 100 mg/m and
2
chlorfenapyr at a target dose of 200 mg/m (= 2.4 g/kg of alphacypermethrin
2
+ 4.8 g/kg of chlorfenapyr for a 100 denier net with a weight of 40 g/m area;
3.2 g/kg of alphacypermethrin + 6.4 g/kg of chlorfenapyr for a 75 denier net
2
with a weight of 30 g/m area). The insecticides are bound to the fibres with
a resin coating. WHO’s assessment of the manufacturer’s compliance with
the assessment of exposure to and risks of washing and sleeping under an
Interceptor G2 was in line with its generic risk assessment model; when
used as instructed, the net does not pose undue risk to the user.
In background documents submitted by the manufacturer, five nonWHOPES supervised Phase II trials were conducted, including three in West
Africa and two in East Africa. In all studies, blood-feeding rates of
mosquitoes collected in huts with the washed or unwashed Interceptor G2
were similar to or lower than the blood-feeding rates in the huts with the
washed or unwashed Interceptor LN (positive control). There were however
three exceptions: in two studies in Cové, Benin, significantly fewer An.
coluzzii had blood-fed in the huts with an unwashed Interceptor LN
compared to washed or unwashed Interceptor G2; and in Mabogini, United
Republic of Tanzania where significantly fewer An. arabiensis fed in the huts
with an unwashed Interceptor LN compared to an unwashed Interceptor G2.
Mortality as measured at 24 h was significantly better for the washed and
unwashed Interceptor G2 compared to the washed and unwashed
Interceptor LN in all studies. In all studies except the one in Mabogini, United
Republic of Tanzania, the 72 h mortality of free-flying, wild mosquitoes was
significantly higher in huts with the unwashed (50–76% corrected mortality)
or washed Interceptor G2 (62–70%) compared to the unwashed (12–22%) or
washed Interceptor LN (5–16%). In Mabogini the 72 h mortality of An.
arabiensis collected in the huts with the unwashed positive control net (62%)
was not significantly different from that of the unwashed Interceptor G2
(76%). However, the 72 h mortality rate of An. arabiensis captured in the
huts with the Interceptor LN washed 20 times (45%) was significantly lower
compared to that observed in the huts with the washed Interceptor G2 (74%).
Chemical analysis data was reported for three of the five trials and in these
the Interceptor G2 was within specifications for the chemical content of
alpha-cypermethrin and chlorfenapyr.
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For WHOPES supervised trials, the content of alpha-cypermethrin in all
unwashed Interceptor G2 samples tested in Phases I and II studies complied
with the target dose of 2.4 g/kg ± 25% [1.8–3.0 g/kg] while the chlorfenapyr
content of the same nets complied with the target dose of 4.8 g/kg ± 25%
[3.6–6.0 g/kg]. The between-net and within-net homogeneity was within
acceptable limits for both alpha-cypermethrin and chlorfenapyr. The Phase I
regeneration time study based on cone bioassays with a pyrethroidsusceptible population of An. gambiae showed a regeneration time of 1 d
after three consecutive wash–dry cycles in a single day. By tunnel tests with
a pyrethroid-resistant strain of Cx. quinquefasciatus, the regeneration time
for chlorfenapyr was also estimated to be 1 day. The chemical analysis of
the Interceptor G2 washed up to 25 times showed an exponential decay of
alpha-cypermethrin and chlorfenapyr as a function of the number of washes,
with an average wash resistance index of 96.9% and 92.0%, respectively.
After 25 washes, the Interceptor G2 contained 42.7% of the initial alphacypermethrin content and 11.7% of the initial chlorfenapyr content.
The Interceptor G2 met the WHOPES Phase I bioefficacy criteria for an LN
based upon knockdown at 60 min (≥ 95%) of a susceptible strain of An.
gambiae after 20 and 25 washes. For 24 h mortality, the unwashed
Interceptor G2 caused 33% mortality although this rose to 75% after one
wash and 82% after three washes. Mortality was < 60% after 15, 20 and 25
washes. The 72 h mortality of the susceptible An. gambiae was 48% for the
unwashed Interceptor G2 but rose to > 80% through 10 washes before
dropping to 56–61% through 25 washes.
In cone tests against a pyrethroid-resistant strain of Cx. quinquefasciatus,
knockdown and mortality at 24 and 72 h post-exposure were consistently
below WHOPES thresholds, even before washing.
In tunnel tests with the pyrethroid-resistant strain of Cx. quinquefasciatus,
mortality after 24 h was 91% for the unwashed Interceptor G2 but gradually
declined with increasing washes to < 70% after five washes and < 40% after
15 washes. Mortality after 72 h was > 80% through three washes, dropping
to ~ 60% through 10 washes and then declining to < 40% after 15 washes
and beyond. Blood-feeding inhibition followed a similar pattern of decline but
never exceeded the WHOPES criteria of ≥ 90%.
In WHOPES supervised Phase I and Phase II studies in cone bioassays with
susceptible An. gambiae Kisumu strain conducted before and after washing
nets, the performance of the Interceptor G2 showed mixed results, i.e. the
mortality at 72 h post-exposure for the unwashed Interceptor G2 met the
efficacy requirements for the cone test (> 80%) in a Phase I study in
Cotonou, Benin and in a Phase II study in Muheza, United Republic of
Tanzania, but not in a Phase II study in M’be, Côte d’Ivoire. For the washed
Interceptor G2, mortality after 72 h met the efficacy requirements for the
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cone test in the complementary testing in Phase II studies in Muheza, United
Republic of Tanzania and in M’be, Côte d’Ivoire but not in the Phase I study.
In non-WHOPES supervised trials, 72 h mortality in the cone test met the
efficacy requirements in Muheza, United Republic of Tanzania, but not in
Cové, Benin. Knockdown and mortality with resistant strains were even
lower. The inconsistent results with the susceptible An. gambiae Kisumu
strain and the low mortality of pyrethroid-resistant mosquitoes exposed to
the Interceptor G2 in cone bioassays were not predictive of the high mortality
observed in Phase II experimental hut trials, even in areas with high
pyrethroid resistance.
In two WHOPES Phase II experimental hut studies, the retention of alphacypermethrin after 20 washes of nets was 76% in M’be, Côte d’Ivoire and 59%
in Muheza, United Republic of Tanzania, while the retention of chlorfenapyr
after 20 washes was 64% in M’be and 32% in Muheza. The studies were
conducted in settings with pyrethroid-resistant malaria vectors. In M’Be,
blood-feeding inhibition of An. coluzzii was significantly higher for the
Interceptor G2 nets than for the positive control (Interceptor LN), regardless
of whether the nets were washed or unwashed. In Muheza, blood-feeding of
An. funestus was low in all treatment arms, including the huts with the
untreated control net, and there was no evidence of significant blood-feeding
inhibition in any of the treatment arms. Mortality of An. coluzzii in
experimental huts in M’be at 24 h was significantly higher in the washed and
unwashed Interceptor G2 compared to the washed or unwashed Interceptor
LN. Mortality at 72 h was also significantly higher on the washed and
unwashed Interceptor G2 compared with the washed and unwashed
Interceptor LN. In Muheza, 24 h mortality of An. funestus was highest in the
unwashed Interceptor G2 compared to the washed or unwashed Interceptor
LN. However, mortality of An. funestus in the huts with the Interceptor G2
washed 20 times was not significantly different from the washed or
unwashed Interceptor LN or the untreated control net. The 72 h mortality of
An. funestus was significantly higher for the washed and unwashed
Interceptor G2 compared to the washed and unwashed Interceptor LN.
In the two WHOPES supervised experimental hut trials the performance of
the Interceptor G2 LN was equal to or better than that of the positive control
(Interceptor LN) in terms of blood-feeding. In terms of killing effect, the
washed or unwashed Interceptor G2 had significantly higher mortality after
24 h than the washed or unwashed Interceptor G2 except for the trial in the
United Republic of Tanzania, where mortality of Interceptor G2 washed 20
times was not significantly different from the mortality of the washed or
unwashed Interceptor LN. The 72 h mortality of the washed and unwashed
Interceptor G2 was significantly higher than that of the washed or unwashed
Interceptor LN in both trials. Thus, the Interceptor G2 fulfilled the
requirements of WHOPES Phase I and Phase II studies for a long-lasting
insecticidal net.
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Considering the safety, efficacy and resistance to washing of Interceptor G2
LN in laboratory studies and small-scale experimental hut studies, the 20th
WHOPES Working Group recommended:
• that an interim recommendation be given for the use of Interceptor
G2 LN in the prevention and control of malaria; and
• that the evidence should be generated by the manufacturer in
prospective long-term field trials to demonstrate community
acceptability, physical durability and insecticidal activity of
Interceptor G2 LN, and the data should be submitted to WHO.
The meeting also recommended:
•

that the national authorities and procurement agencies must ensure
that the Inteceptor G2 LN complies with WHO specifications as
recommended by the Organization according to the quality control
procedures outlined in the Guidelines for procuring public health
1
pesticides.

Note: WHO recommendations on the use of pesticides in public health
are valid ONLY if linked to WHO specifications for their quality control.

1

WHO (2012). Guidelines for procuring public health pesticides. Geneva: World Health
Organization (http://whqlibdoc.who.int/publications/2012/9789241503426_eng.pdf, accessed
July 2017).
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Figure 2.1 Wash resistance curves for alpha-cypermethrin (ACY) and chlorfenapyr (CFP) in Interceptor G2 LN and for alphacypermethrin (ACY) in Interceptor LN. Wash resistance index (WRI) estimated from exponential regression curve represents the
percentage of active ingredient (AI) remaining after each wash
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34

Status of pyrethroid
resistance

b,c

a

a

b

a

58

c

d

49

a

a

11
81

a

10
31
c
50
0

b

40
15
b
15
43

53
19

37
44

c

26
57

Unwashed
Interceptor LN

a

a,c

14

26

48

65

66

60

Untreated
net

a

11
81

a

9
38
c
45
8

33
31
b
17
36

c

a,b

61
6

b

32
47

Interceptor LN
washed
20 times

34

c

23
60

a

11
26
b
28
43

c

32
34
bc
18
32

a,b

41
36

c

48
27

c

24
60

Unwashed
Interceptor G2

CTN, conventionally treated net
1
Data for the Interceptor LN washed 15 times and the Interceptor G2 washed 15 times are not included in the table.
2
Data for chlorfenapyr indoor residual spraying (IRS) and chlorfenapyr IRS plus Interceptor LN are not included in the table.
3
Data for an unwashed and washed test formulation with a different binder than the Interceptor G2 are not included in the table.

WHOPES supervised trials
Muheza, Tanzania
Resistant to pyrethroids
An. funestus (532)
M’be, Côte d’Ivoire
Resistant to
An. coluzzii (2202)
organochlorines,
pyrethroids and
carbamates; kdr and
metabolic mechanisms
M’be, Côte d’Ivoire
Unknown
Other Culicidae
(1096)

Non-WHOPES supervised trials
1
Cové, Benin
Alpha-cypermethrin
An. coluzzii (4593)
resistant (RR-LD50 =
207); kdr, metabolic
mechanisms
2
Cové, Benin
Alpha-cypermethrin
An. coluzzii (736)
resistant (RR-LD50 =
207); kdr, metabolic
mechanisms
Vallée du Kou,
DDT, pyrethroid
Burkina Faso
resistant;
An. coluzzii (4867)
kdr, metabolic
mechanisms
3
Mabogini,Tanzania
Resistant to alphaAn. arabiensis (464)
cypermethrin
Muheza,
Resistant to pyrethroids
Tanzania
An. funestus (580)

Study sites
(number of
mosquitoes
collected)

b

20
65

a

15
0
b
33
34

b

37
23
b
17
33

b,c

47
28

bc

30
50

Interceptor G2
washed
20 times

c

25
56

a

8
44
a
23
54

a

55
0
a
37
0

b,c

54
16

b

34
43

Chlorfenapyr
CTN
2
(200 mg/m )

Table 2.1 Phase II studies of the Interceptor G2 LN: overview of blood-feeding (%) and blood-feeding inhibition (% shown in bold type) in wild, free-flying
mosquitoes. Values in the same row sharing the same superscript letter do not differ significantly (P > 0.05)
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Status of pyrethroid
resistance

29

12

a

a

a

a

a

11

9

0

a

c

93
90

a

13
2
b
19
8

b,c

61
61
a
15
6

25
17

a

b

a

11
9

c

20
18

Unwashed
Interceptor LN

a

10

2

3

Untreated net

b

83
77

a

17
7
b
19
8

b

42
42
a
14
6

a

18
10

b

13
11

Interceptor LN
washed
20 times

35

b

82
75

b

30
22
c
87
85

c

71
71
b
48
42

b

78
75

c

55
54

e

61
60

Unwashed
Interceptor G2

CTN, conventionally treated net
1
Data for the Interceptor LN washed 15 times and the Interceptor G2 washed 15 times are not included in the table.
2
Data for chlorfenapyr indoor residual spraying (IRS) and chlorfenapyr IRS plus Interceptor LN are not included in the table.
3
Data for an unwashed and washed test formulation with a different binder than the Interceptor G2 are not included in the table.

WHOPES supervised trials
Muheza, Tanzania
Resistant to pyrethroids
An. funestus (532)
M’be, Côte d’Ivoire
Resistant to
An. coluzzii (2202)
organochlorines,
pyrethroids and
carbamates; kdr and
metabolic mechanisms
M’be, Côte d’Ivoire
Unknown
Other Culicidae
(1096)

Non-WHOPES supervised trials
1
Cové, Benin
Alpha-cypermethrin
An. coluzzii (4593)
resistant (RR-LD50 =
207); kdr, metabolic
mechanisms
2
Cové, Benin
Alpha-cypermethrin
An. coluzzii (736)
resistant (RR-LD50 =
207); kdr, metabolic
mechanisms
Vallée de Kou,
DDT, pyrethroid
Burkina Faso
resistant;
An. coluzzii (4867)
kdr, metabolic
mechanisms
3
Mabogini,Tanzania
Resistant to alphaAn. arabiensis (464)
cypermethrin
Muheza, Tanzania
Resistant to pyrethroids
An. funestus (580)

Study sites (number
of mosquitoes
collected)

b

82
74

ac

16
6
c
83
80

b,c

61
61
b
50
44

b

74
71

d

53
52

Interceptor G2
washed
20 times

b

80
72

bc

27
18
c
90
88

b

59
59
b
43
37

b

82
80

e

63
62

Chlorfenapyr
CTN
2
(200 mg/m )

Table 2.2 Phase II studies of the Interceptor G2: overview of mortality (%) and corrected mortality (% shown in bold type) at 24 h in wild, free-flying
mosquitoes. Values in the same row sharing the same superscript letter do not differ significantly (P > 0.05)
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Status of pyrethroid
resistance

b

a

a

a

41

15

13

a

a

a

a

a

21

1

d

93
87

a

16
4
b
23
10

c

63
62
b
37
21

28
18

24
20

c

24
20

Unwashed
Interceptor LN

a

11

5

5

Untreated net

c

83
72

a

18
6
b
24
11

b

45
45
b
34
16

a

21
10

b

17
13

Interceptor LN
washed
20 times

36

c

85
74

b

53
46
c
91
90

c

76
76
c
60
50

b

80
76

c

77
76

e

73
71

Unwashed
Interceptor G2

CTN, conventionally treated net
1
Data for the Interceptor LN washed 15 times and the Interceptor G2 washed 15 times are not included in the table.
2
Data for chlorfenapyr indoor residual spraying (IRS) and chlorfenapyr IRS plus Interceptor LN are not included in the table.
3
Data for an unwashed and washed test formulation with a different binder than the Interceptor G2 are not included in the table.

WHOPES supervised trials
Muheza, Tanzania
Resistant to pyrethroids
An. funestus (532)
M’be, Côte d’Ivoire
Resistant to
An. coluzzii (2202)
organochlorines,
pyrethroids and
carbamates; kdr and
metabolic mechanisms
M’be, Côte d’Ivoire
Unknown
Other Culicidae
(1096)

Non-WHOPES supervised trials
1
Cové, Benin
Alpha-cypermethrin
An. coluzzii (4593)
resistant (RR-LD50 =
207); kdr, metabolic
mechanisms
2
Cové, Benin
Alpha-cypermethrin
An. coluzzii (736)
resistant (RR-LD50 =
207); kdr, metabolic
mechanisms
Vallée de Kou,
DDT, pyrethroid
Burkina Faso
resistant;
An. coluzzii (4867)
Kdr, metabolic
mechanisms
3
Mabogini,Tanzania
Resistant to alphaAn. arabiensis (464)
cypermethrin
Muheza, Tanzania
Resistant to pyrethroids
An. funestus (580)

Study sites (number
of mosquitoes
collected)

b

80
66

b

49
41
c
84
82

c

71
70
c
70
62

b

78
75

d

66
65

Interceptor G2
washed
20 times

c

87
77

b

45
36
c
94
93

c

71
70
c
65
55

b

87
85

f

77
76

Chlorfenapyr
CTN
2
(200 mg/m )

Table 2.3 Phase II studies of the Interceptor G2: overview of mortality (%) and corrected mortality (% shown in bold type) at 72 h in wild, free-flying
mosquitoes. Values in the same row sharing the same superscript letter do not differ significantly (P > 0.05)

37
3
3
30
3
30

An. coluzzii, wild strain

An. coluzzii, wild strain
An. coluzzii, wild strain

3
3
3
30

30

9
87

31

ND
12

96
100
99
100

98

66

100

30
3

ND
100

Interceptor
LN,
unwashed

3
3

Exposure
time
(min)

Cx. quinquefasciatus
An. coluzzii, wild strain

An. arabiensis, wild
strain
An. arabiensis, wild
strain
An. gambiae, Kisumu
An. gambiae, Kisumu
An. gambiae, Kisumu
An. gambiae, Kisumu

An. gambiae, Kisumu
An. gambiae, Kisumu
An. gambiae, Kisumu

Species/strain

14
17

23

ND
5

100
98
100
100

100

77

100

ND
87

Interceptor LN,
washed 20
times

26
65

90

3

ND
5

100
100
42
81

67

40

100

82
49

Interceptor
G2,
unwashed

7
24

75

10
8

94
86
100
100

83

25

100

56
56

Interceptor G2,
washed 20
times

12
25

100

ND
12

100
100
18
53

68

37

100

ND
42

Chlorfenapyr
CTN,
unwashed

37

CTN, conventionally treated net, ND, not determined
1
Indicates WHOPES supervised trial.
2
Tests were done with WHO tubes rather than WHO cones.
3
Mortality of Cx. quinquefasciatus exposed to an unwashed Interceptor G2 in a 3 min cone test was not reported. However, mortality of Cx. quinquefasciatus exposed to an unwashed Interceptor G2
in a 2 h cone test was 23%.

Resistant strains
Cotonou, Benin‡
Cové, Benin
Vallée du Kou,
Burkina Faso
1
M’be, Côte d’Ivoire
1
M’be, Côte d’Ivoire

Muheza, Tanzania
Muheza, Tanzania
1
M’be, Côte d’Ivoire
M’be, Côte d’Ivoire1

Mabogini, Tanzania2

Susceptible strains
1
Cotonou, Benin
Cové, Benin
Vallée du Kou,
Burkina Faso
2
Mabogini, Tanzania

Location

Table 2.4 Cone bioassays of washed and unwashed Interceptor LN and Interceptor G2 against susceptible and resistant mosquito strains. Figures are for
mortality at 72 h post-exposure
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Cx.
quinquefasciatus
An. coluzzii, wild
strain
An. coluzzii, wild
strain

An. gambiae,
Kisumu
An. gambiae,
Kisumu

Species/Strain

36

57

ND

98

ND

%
BFI

26

22

ND

100

ND

%
Dead

Interceptor LN,
unwashed

50

48

ND

93

ND

6

18

ND

99

ND

Interceptor LN,
washed 20
times
%
%
BFI
Dead

87

63

2

83

100

2

96

%
BFI

94

82

92

97

96

%
Dead

Interceptor G2,
unwashed

ND, not determined
1
Indicates WHOPES supervised Phase I study.
2
The BFI values presented here are for the Interceptor G2 LN washed 1 time; no values were presented for the unwashed net.

Vallée du Kou, Burkina
Faso

Cové, Benin

Resistant strains
Cotonou, Benin1

Cové, Benin

Susceptible strains
1
Cotonou, Benin

Location

90

48

43

93

92

81

63

33

100

94

Interceptor G2,
washed 20
times
%
%
BFI
Dead

69

43

ND

24

ND

88

77

86

95

95

Chlorfenapyr
CTN,
unwashed
%
%
BFI
Dead

Table 2.5 Tunnel tests of washed and unwashed Interceptor LN and Interceptor G2 LN against susceptible and resistant mosquito strains. Figures are for
blood-feeding inhibition (% BFI) and mortality at 72 h post-exposure (% Dead)
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5.45

Chlorfenapyr
Interceptor G2
Yes

Yes
Yes

4.75

2.10
5.20

Yes

Yes
Yes

Phase II:
1
Burkina Faso
AI content
Compliance with
(g/kg)
WHO
specification

4.68

2.43
3.68

AI
content
(g/kg)

Yes

Yes
No

Compliance
with WHO
specification

Phase II:
Mabogini, Tanzania

AI, active ingredient
1
The AI contents for trials in Benin and Burkina Faso were provided in mg/m² and were converted in g/kg based on a nominal fabric weight of 40 g/m².
2
No chemical analysis data were provided for baseline nets for the trial in Muheza, United Republic of Tanzania.

2.40
4.13

Interceptor G2
Interceptor LN

Alpha-cypermethrin

Phase II:
1
Benin
AI
Compliance
content
with WHO
(g/kg)
specification

–

–
–

–

–
–

Phase II:
2
Muheza, Tanzania
AI content
Compliance
(g/kg)
with WHO
specification

Table 2.6 Non-WHOPES Phase II studies: alpha-cypermethrin and chlorfenapyr average content in baseline/unwashed Interceptor G2 and Interceptor LN.
The compliance of the mean alpha-cypermethrin or chlorfenapyr content with WHO specification is also presented for each net. Target dose and tolerance
limits for alpha-cypermethrin at baseline are 2.4 g/kg ± 25% [1.8–3.0 g/kg] for Interceptor G2 of 100 denier and 5.0 g/kg ± 25% [3.8–6.3 g AI/kg] for Interceptor
LN of 100 denier. Target dose and tolerance limits for chlorfenapyr in Interceptor G2 of 100 denier at baseline are 4.8 g/kg ± 25% [3.6–6.0 g/kg]

40
2.43
–
3.68
–

Treatment
Interceptor G2, 0 wash
Interceptor G2, 20 washes
Interceptor LN, 0 wash
Interceptor LN, 20 washes

1

–
–
–
–

–
2.10
–
1.48

–
86%
–
40%

Mabogini, Tanzania

–
–
–
–

Benin
AI content
AI retention
(g/kg) after
after washing
washing but
(% of
wash 0)
before trial

1.20
2.03
4.18
2.08

1.98
1.58
4.03
0.35

AI content
(g/kg)
after trial

–
–
–
–

2.10
–
5.20
–

AI content
(g/kg) before
washing

–
2.24
–
1.86

–
–
–
–

1

–
–
–
–
Muheza, Tanzania

–
–
–
–

1

Burkina Faso
AI content
AI retention
(g/kg) after
after
washing but
washing (%
before trial
of wash 0)

2.12
1.86
3.63
2.80

2.00
2.00
4.00
0.80

AI
content
(g/kg)
after trial

AI, active ingredient
1
No chemical analysis data were provided after 20 washes for the trials in Benin, Burkina Faso and Muheza, United Republic of Tanzania; therefore the AI retention could not be calculated.

2.40
–
4.13
–

AI content
(g/kg) before
washing

Interceptor G2, 0 wash
Interceptor G2, 20 washes
Interceptor LN, 0 wash
Interceptor LN, 20 washes

Treatment

Table 2.7 Non-WHOPES Phase II studies: alpha-cypermethrin content and its retention in Interceptor G2 and Interceptor LN. Target dose and tolerance limits
for alpha-cypermethrin at baseline are 2.4 g/kg ± 25% [1.8–3.0 g/kg] for Interceptor G2 of 100 denier and 5.0 g/kg ± 25% [3.8–6.3 g/kg] for Interceptor LN of
100 denier
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4.68
–
4.74

Interceptor G2, 0 wash
Interceptor G2, 20 washes
Chlorfenapyr CTN

Treatment
Interceptor G2, 0 wash
Interceptor G2, 20 washes
Chlorfenapyr CTN

1

–
3.83
–

–
82%
–

Mabogini, Tanzania

Benin
AI content
AI retention
(g/kg) after
after washing
washing but
(% of wash
before trial
0)
–
–
–
–
–
–

4.44
3.42
1.57

AI
content
(g/kg)
after trial
4.05
2.55
5.33

–
–
–

AI content
(g/kg)
before
washing
4.75
–
5.40

–
3.93
–

–
–
–

Muheza, Tanzania

1

1

Burkina Faso
AI content
AI retention
(g/kg) after
after
washing but washing (%
before trial
of wash 0)
–
–
–
–
–
–

AI, active ingredient; CTN, conventionally treated net
1
No chemical analysis data were provided after 20 washes for the trials in Benin, Burkina Faso and Muheza, United Republic of Tanzania;
therefore the AI retention could not be calculated.

AI content
(g/kg)
before
washing
5.45
–
5.83

Treatment

3.93
2.46
6.29

4.48
3.25
4.88

AI content
(g/kg)
after trial

Table 2.8 Non-WHOPES Phase II studies: chlorfenapyr content and retention in Interceptor G2. Target dose and tolerance limits for chlorfenapyr at baseline
are 4.8 g/kg ± 25% [3.6–6.0 g/kg] for Interceptor G2 of 100 denier
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ND
ND
ND
ND
ND
ND
ND
ND

100
100
100
100
100
100
100
97

Knockdown %

11
2
4
9
5
8
1
8

33
75
82
90
85
55
46
53

24 h mortality %

Cone test

ND, not determined (knockdown was not recorded for Cx. quinquefasciatus).

Cx. quinquefasciatus
0
1
3
5
10
15
20
25

0
1
3
5
10
15
20
25

An. gambiae Kisumu

Washes

23
11
9
14
9
12
10
14

48
82
90
93
88
61
56
61

72 h mortality %

86
83
85
71
65
39
43
30

91
96
89
95
89
92
92
72

% BFI

91
79
84
62
66
38
33
22

96
95
94
98
97
95
93
76

24 h mortality %

Tunnel test

92
81
90
68
68
39
33
25

98
96
96
97
99
96
94
96

72 h mortality %

Table 2.9 WHOPES Phase I wash resistance study: knockdown, mortality and blood-feeding inhibition (% BFI) of An. gambiae Kisumu strain and
a pyrethroid resistant Cx. quinquefasciatus strain in cone and tunnel tests

43

5.23
–
–

Chlorfenapyr
Interceptor G2
Interceptor G2
Interceptor G2
Yes
–
–

Yes
–
–
Yes
–
–

Compliance
with WHO
specification

AI, active ingredient; RSD, relative standard deviation

2.47
–
–
5.62
–
–

Alpha-cypermethrin
Interceptor G2
Interceptor G2
Interceptor G2
Interceptor LN
Interceptor LN
Interceptor LN

AI content
(g/kg)

Phase I

8.7
–
–

8.4
–
–
4.2
–
–

AI within-net
variation
(% RSD)

5.21
5.34
–

2.71
2.73
–
5.52
6.86
–

AI content
(g/kg)

Yes
Yes
–

Yes
Yes
–
Yes
No
–

Compliance
with WHO
specification

Phase II:
Côte d’Ivoire

1.5
1.4
–

2.1
1.5
–
5.1
1.7
–

AI within-net
variation
(% RSD)

5.22
5.18
5.12

2.81
2.79
2.77
5.55
5.38
5.37

AI content
(g/kg)

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Compliance
with WHO
specification

1.3
2.4
1.2

0.8
1.6
0.3
10.8
12.2
9.9

AI within-net
variation
(% RSD)

Phase II:
United Republic of Tanzania

Table 2.10 WHOPES Phase I and II studies: alpha-cypermethrin and chlorfenapyr average content and within-net variation in baseline/unwashed Interceptor
G2 and Interceptor LN. The compliance of the mean alpha-cypermethrin or chlorfenapyr content with WHO specifications is also presented for each net.
Target dose and tolerance limits for alpha-cypermethrin at baseline are 2.4 g/kg ± 25% [1.8–3.0 g/kg] for Interceptor G2 of 100 denier and 5.0 g/kg ± 25%
[3.8–6.3 g/kg] for Interceptor 100 denier. Target dose and tolerance limits for chlorfenapyr in Interceptor G2 of 100 denier at baseline are 4.8 g/kg ± 25% [3.6–
6.0 g/kg]
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2.47
2.16
1.96
1.93
1.94
1.60
1.12
1.05

0
1
3
5
10
15
20
25

8.4
7.1
7.1
12.6
27.7
25.9
14.3
7.9

Betweennet RSD
(%)

ACY
retention
(% of wash
0)
–
87.5
79.4
78.2
78.5
64.9
45.2
42.7

ACY WRI
(% at
each
wash)
–
87.5
92.6
95.2
97.6
97.2
96.1
96.6

RSD, relative standard deviation; WRI, wash resistance index

ACY
content
(g/kg)

Wash

Interceptor G2, alpha-cypermethrin

5.23
4.37
3.63
3.21
2.67
1.79
0.84
0.61

CFP
content
(g/kg)
8.7
6.3
3.2
10.1
30.0
34.8
17.4
13.2

Betweennet RSD
(%)

CFP
retention
(% of wash
0)
–
83.6
69.4
61.3
51.1
34.2
16.1
11.7

CFP WRI
(% at
each
wash)
–
83.6
88.5
90.7
93.5
93.1
91.3
91.8

Interceptor G2, chlorfenapyr

5.62
3.77
3.48
2.80
1.57
1.16
0.42
0.51

ACY
content
(g/kg)

4.2
–
17.2
19.6
29.7
–
10.9
11.6

Betweennet RSD
(%)

ACY
retention
(% of wash
0)
–
67.0
61.9
49.7
27.9
20.6
7.4
9.0

ACY WRI
(% at
each
wash)
–
67.0
85.2
87.0
88.0
90.0
87.8
90.8

Interceptor LN, alpha-cypermethrin

Table 2.11 WHOPES Phase I wash resistance study: alpha-cypermethrin (ACY) and chlorfenapyr (CFP) content and retention of Interceptor G2 and
Interceptor LN. Target dose and tolerance limits for alpha-cypermethrin content in baseline Interceptor G2 of 100 denier = 2.4 g/kg ± 25% [1.8–3.0 g/kg].
Target dose and tolerance limits for chlorfenapyr = 4.8 g/kg ± 25% [3.6–6.0 g/kg]. Target dose and tolerance limits for alpha-cypermethrin content in baseline
Interceptor LN of 100 denier = 5.0 g/kg ± 25% [3.8–6.3 g/kg]. RSD after 1 and 15 washes could not be estimated as the results were available for only one
sample
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2.71
2.73
5.52
6.86
< 0.05
< 0.05

AI content
(g/kg) before
washing

AI, active ingredient; CTN, conventionally treated net

Interceptor G2, 0 wash
Interceptor G2, 20 washes
Interceptor LN, 0 wash
Interceptor LN, 20 washes
Chlorfenapyr CTN
Untreated net

Treatment

–
2.08
–
1.57
–
–

–
76%
–
23%
–
–

Côte d’Ivoire
AI content
AI retention
(g/kg) after
after washing
washing but
(% of wash 0)
before trial
2.64
2.00
5.70
1.46
< 0.05
< 0.05

AI content
(g/kg) after
trial
2.81
2.79
5.55
5.38
< 0.05
–

AI content
(g/kg)
before
washing

2.77
1.65
5.37
1.59
< 0.05
–

–
59%
–
30%
–
–

United Republic of Tanzania
AI content
AI retention
(g/kg) after
after
washing but
washing (%
before trial
of wash 0)

2.85
1.75
5.18
1.52
< 0.05
–

AI content
(g/kg)
after trial

Table 2.12 WHOPES Phase II studies: alpha-cypermethrin content and retention in Interceptor G2 and Interceptor LN. Target dose and tolerance limits for alphacypermethrin at baseline are 2.4 g/kg ± 25% [1.8–3.0 g/kg] for Interceptor G2 of 100 denier and 5.0 g/kg ± 25% [3.8–6.3 g AI/kg] for Interceptor LN of 100 denier
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5.21
5.34
3.96
< 0.05

AI content (g/kg)
before washing

–
3.40
–
–

–
64%
–
–

Côte d’Ivoire
AI content
AI retention
(g/kg) after
after
washing but
washing (%
before trial
of wash 0)

1

AI, active ingredient; CTN, conventionally treated net
CTNs were different nets, which may explain the apparent increase in chlorfenapyr after the trial.

Interceptor G2, 0 wash
Interceptor G2, 20 washes
1
Chlorfenapyr CTN
Untreated net

Treatment

5.15
3.43
5.56
< 0.05

AI
content
(g/kg)
after trial

5.22
5.18
4.68
–

AI
content
(g/kg)
before
washing

United Republic of Tanzania
AI content
AI
AI
(g/kg) after
retention
content
washing but
after
(g/kg)
before trial
washing
after trial
(% of
wash 0)
5.12
–
5.08
1.66
32%
1.79
3.18
–
3.80
–
–
–

Table 2.13 WHOPES Phase II studies: chlorfenapyr content and retention in Interceptor G2. Target dose and tolerance limits for chlorfenapyr at baseline are 4.8
g/kg ± 25% [3.6–6.0 g/kg] for Interceptor G2 of 100 denier. Values in each cell are from a single net

3.

REVIEW OF DAWAPLUS 3.0 LN AND DAWAPLUS 4.0 LN

DawaPlus 3.0 LN and DawaPlus 4.0 LN are long-lasting insecticidal nets
manufactured by Tana Netting, United Arab Emirates. The DawaPlus 3.0 is
a combination LN made up of 130 denier roof of polyethylene netting (mass
2
of net 40 g/m²) incorporating 3 g AI/kg deltamethrin (or 120 mg AI/m ) and
2
11 g/kg (or 440 mg/m ) piperonyl butoxide (PBO), and side panels of 100
denier multi-filament polyester netting (mass of net 40 g/m²) coated with 2.5
2
g AI/kg deltamethrin (100 mg AI/m ).
DawaPlus 4.0 LN is equivalent to the roof of DawaPlus 3.0 LN, i.e. it is made
up of 130 denier polyethylene netting (40 g/m²) incorporating 3 g AI/kg
2
2
deltamethrin (or 120 mg AI/m ) and 11 g/kg PBO (or 440 mg/m ).
1

Deltamethrin has previously been recommended by WHO as an insecticide
product for conventional treatment of mosquito nets for malaria vector
control, at the target dose of 15–25 mg AI/m². WHO specifications are
2
already published for deltamethrin and PBO technical materials in LNs.
Since the roof of DawaPlus 3.0 LN is the same as that of DawaPlus 4.0 LN,
both of these candidate nets were tested simultaneously in each WHOPES
trial for logistical feasibility. Hence, results of both nets are presented
together in this report.

3.1

Safety assessment

The assessment of risk to humans of washing and sleeping under the
DawaPlus 3.0 LN and the DawaPlus 4.0 LN was performed based on the
data provided by the manufacturer (Aitio, 2017a). The revised WHO Generic
3
risk assessment model for insecticide-treated nets was used as a guiding
document.

1

Insecticides for treatment of mosquito nets (http://who.int/whopes/en/, accessed July 2017).
WHO specifications for pesticides used in public health
(http://who.int/whopes/quality/newspecif/en/, accessed July 2017).
3
WHO (2012). A generic risk assessment model for insecticide-treated nets – revised edition.
Geneva: World Health Organization
(http://whqlibdoc.who.int/publications/2012/9789241503419_eng.pdf, accessed July 2017).
2
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The following assumptions were used by the evaluator in drafting the risk
assessment:
−

the active ingredient (deltamethrin) and synergist (PBO) comply with
the WHO specification;

−

the concentration of deltamethrin in the netting does not exceed the
default WHO specification upper limit of nominal concentration + 25%
2
2
= 150 mg AI/m (i.e. 125% of 120 mg AI/m ) in the DawaPlus 4.0,
2
2
and 131.25 mg AI/m (i.e. 125% of 100 mg AI/m ) in the DawaPlus
3.0 side panels, and that of PBO the similarly determined upper limit,
2
2
600 mg AI/m (i.e. 125% of 440 mg AI/m );

−

there is no actual contact with the roof of the net when sleeping
under the net; that is, the only contribution to exposure of this part of
the net comes from the washing of the nets;

−

the wash resistance index of deltamethrin and PBO quoted in the
draft specification i.e. 90–100%, reflects that the surface
concentration available for dermal contact and washing is ≤ 10%;

−

the salivary extraction of deltamethrin determined in vitro reflects the
amount extractable in saliva in direct net mouthing;

−

dermal absorption of deltamethrin and PBO actually taking place in
contact with the net does not exceed that determined experimentally
in humans;

−

the translodgeable part for deltamethrin from the net onto the skin is
≤ 6% of the available surface concentration, in line with the United
States Environmental Protection Agency estimate for soft surfaces;
and

−

secretion of deltamethrin as such in mother’s milk does not exceed
that observed in cows multiplied by 100.6, i.e. 6.4% of the dose; the
T½ of PBO is no longer than 1 d.

Based on the risk assessment, it was concluded that when used as
instructed, sleeping under and/or washing DawaPlus 3.0 and 4.0 long-lasting
insecticidal nets do not pose undue hazards to people.
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3.2

Efficacy – WHOPES supervised trials

3.2.1

Laboratory study

Phase I laboratory studies were conducted to estimate the regeneration time
and wash resistance of the DawaPlus 3.0 combination LN and the DawaPlus
4.0 LN compared with a deltamethrin only control net 3 g AI/kg deltamethrin
2
(or 120 mg AI/m ) (Sturm et al., 2016). Four nets from two production
batches of each of DawaPlus 3.0 LN and DawaPlus 4.0 LN, and two nets of
the same fabric as DawaPlus 4.0 without PBO were sent to the WHO
Collaborating Centre, IRD/LIN, Montpellier. Since the roof of the DawaPlus
3.0 LN is made of the same fabric as that of the DawaPlus 4.0 LN, the
evaluation was performed on DawaPlus 4.0 and on side panels of DawaPlus
3.0 to include both the candidate nets in the study. The efficacy,
regeneration and wash resistance of the DawaPlus 3.0 LN roof was
considered to be the same as those obtained for the DawaPlus 4.0 LN.
Fourteen pieces (25 x 25 cm) were cut from each net. Two pieces from each
net were used for the regeneration time study while seven were used for the
wash resistance evaluation. The remaining pieces of netting were held at 4
o
C until they were sent to the WHO Collaborating Centre CRA-W in
Gembloux, Belgium for chemical content analysis.
The analytical method used for determination of deltamethrin in samples of
DawaPlus 3.0 LN side panels is based on the CIPAC method 333/LN/(M)/3.
This method involves extraction of deltamethrin by sonication and shaking
with isooctane/dioxane (80/20, v/v) in presence of dipropyl phthalate as
internal standard and determination by high performance liquid
chromatography with UV diode array detection (HPLC-DAD). The
performance of the analytical method was controlled during the analysis of
samples in order to validate the analytical results.
The analytical method used for determination of deltamethrin in samples of
DawaPlus 4.0 and deltamethrin 3 g/kg incorporated LN (control) is based on
the CIPAC method 333/LN/(M2)/3. This method involves extraction of
deltamethrin by refluxing for 30 min with xylene in presence of dicyclohexyl
phthalate as internal standard, solvent exchange to the mobile phase and
determination by HPLC-DAD. The performance of the analytical method was
controlled during the analysis of samples in order to validate the analytical
results.
The analytical method used for determination of piperonyl butoxide in
samples of DawaPlus 4.0 is based on the CIPAC methods 333/LN/(M2)/3 for
the extraction and 33/LN/(M)/3 for the chromatographic determination. These
methods involve extraction of piperonyl butoxide by refluxing for 30 min with
xylene in presence of dicyclohexyl phthalate as internal standard and
determination by gas chromatography with flame ionisation detection (GCFID). The performance of the analytical method was controlled during the
49

analysis of samples in order to validate the analytical results (Pigeon, 2017a).
Regeneration time study
For the regeneration time study, net samples were washed three times
consecutively on the same day and then held at 30 °C. Washing was done
by placing net pieces into 1 L beakers containing 0.5 L of deionized water
with 2 g/L of soap (Savon de Marseille, pH = 10–11). The beakers were
o
placed in a water bath at 30 C and shaken for 10 min. The net pieces were
then rinsed twice in 0.5 L of deionized water under the same conditions.
Bioassays with An. gambiae Kisumu susceptible strain were conducted at 0,
1, 2, 3, 5 and 7 d after washing. WHO cone tests were used to estimate
knockdown and mortality of mosquitoes exposed to the nets. Four cones
were affixed to each piece of netting and five, non-blood fed, 2–5 d old An.
gambiae mosquitoes were exposed to the netting for 3 min. After exposure,
mosquitoes were held with access to sugar solution for 24 h. Knockdown
was measured at 60 min and mortality was measured at 24 h.
DawaPlus 3.0 LN side panels: Knockdown on the unwashed side panels of
DawaPlus 3.0 was 100% at d 0 and remained at 100% through 7 d postwashing. Mortality was 100% at d 0 and remained > 98% up to 7 d after
washing. Based on both knockdown and mortality, the regeneration time of
the DawaPlus 3.0 side panels was considered to be 1 d.
DawaPlus 4.0 LN: Knockdown and mortality on the unwashed DawaPlus
4.0 nets was 100% at d 0 and remained at 100% through 7 d post-washing.
Based on these results, the regeneration time of DawaPlus 4.0 was
considered to be 1 d.
Deltamethrin only nets: Knockdown on the unwashed nets incorporating
deltamethrin alone was 100% at d 0 but declined to 71% on d 1 then
increased to 95% on d 2 and 3 and reached a plateau at 99% from 5 to 9 d.
The mortality for unwashed nets with deltamethrin alone was 100% at day 0.
Mortality decreased after 1 d of storage (41%) after the washing/drying cycle.
After 2 d of storage, the efficacy of nets with deltamethrin alone increased for
every additional storage day and reached 91% on d 9. The bioassays were
extended to 9 d since the plateau of mortality was not reached on d 7.
Although the regeneration time of nets with deltamethrin alone was likely
≥ 7 d, a 1 d interval was also applied for washes of nets with deltamethrin
alone to allow coincidence of bioassays with the DawaPlus 4.0 LN.
Wash resistance study
For the wash resistance study, nets were washed 25 times with an interval of
1 d between successive washes. The wash resistance curves for DawaPlus
3.0 LN and DawaPlus 4.0 LN are shown in Figures 3.1 and 3.2, respectively.
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Bioassays with An. gambiae Kisumu strain
DawaPlus 3.0 LN side panels: Knockdown of susceptible An. gambiae
Kisumu strain was 100% through 25 washes. The initial mortality rate with
side panels of DawaPlus 3.0 was 100%. It decreased to 96% after 1 wash
and fluctuated between 81% and 99% after successive washes. After 25
washes, the mortality rate was 84%, which was above the WHO threshold
(80%).
DawaPlus 4.0 LN: Knockdown of susceptible An. gambiae Kisumu strain
was 100% through 25 washes. The initial mortality rate with DawaPlus 4.0
was 100% but it fell below the WHO threshold after 3 washes (37%).
Mortality increased from 5 washes to 15 washes, reaching 75% and then
decreased until 12% after 25 washes.
Deltamethrin only nets: Knockdown of susceptible An. gambiae Kisumu
strain fluctuated between 96% and 100%. The initial mortality rate on nets
with deltamethrin alone was 100% and decreased below the WHO threshold
after the first wash. The mortality rates fluctuated between 20% and 6% from
wash 5 to wash 25.
Bioassays with An. gambiae kdr-kis strain
Bioassays were also conducted with the An. gambiae kdr-kis strain, which is
homozygous for the kdr mutation and is resistant to pyrethroid insecticides.
DawaPlus 3.0 LN side panels: Knockdown of An. gambiae kdr-kis strain
was 100% at d 0. It decreased to 91% after 1 wash and fluctuated between
86% and 99% after successive washes. After 25 washes, the knockdown
rate was 98%. The initial mortality rate with side panels of DawaPlus 3.0 was
2% and this remained at 2% after 25 washes. Evaluation of side panels of
DawaPlus 3.0 in tunnel tests was performed for samples washed 20 times
on the pyrethroid-resistant An. gambiae kdr-kis strain. In tunnel tests,
mortality rates were systematically > 50% with a mean of 62%. Bloodfeeding inhibition (BFI) was also high for resistant females with mean BFI of
78.3%.
DawaPlus 4.0 LN: Knockdown of An. gambiae kdr-kis strain was 100% at d
0. It decreased to 93% after 1 wash and decreased after successive washes.
After 25 washes, the knockdown rate was 71%. The initial mortality rate with
DawaPlus 4.0 was 99% and this fell to 3% after the first wash and remained
< 3% until 25 washes. Tunnel tests were performed for samples washed 20
times on the pyrethroid-resistant An. gambiae kdr-kis strain. Tunnel tests
showed that the mortality rate was 32% and the BFI was 50.4%.
Deltamethrin only nets: Knockdown of An. gambiae kdr-kis strain was 100%
at d 0. It decreased to 56% after 1 wash and increased to a peak of 86%
after 10 washes, thereafter decreasing again to 70% at 25 washes. The
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initial mortality rate on nets with deltamethrin alone was 6% and remained at
< 5% from the first to the 25th wash. The deltamethrin only nets were not
tested in tunnel bioassays against resistant strains.
Chemical content analysis
A summary of the analysis of chemical contents is given in Table 3.1 and
Table 3.2. Chemical contents were determined on five different net pieces
from each of four DawaPlus 3.0 and DawaPlus 4.0 nets and two
deltamethrin only nets.
DawaPlus 3.0 LN side panels: The average deltamethrin content in four
reference unwashed DawaPlus 3.0 side panels ranged from 2.45 to 2.51
2
g/kg, corresponding to 95 to 98 mg AI/m . All the nets complied with the
deltamethrin target dose of 2.5 g/kg ± 25% for 100 denier yarn [1.9–3.1 g/kg].
All nets had acceptable within-net homogeneity for deltamethrin [within-net
relative standard deviation (% RSD) of < 20%] (Table 3.1). The deltamethrin
R-alpha isomer content (inactive against insects) in the reference and
unwashed DawaPlus 3.0 side panels was < 0.01 g/kg and did not increase
with serial washes. Deltamethrin content in DawaPlus 3.0 side panels
declined from 2.40 g/kg to 1.10 g/kg after 25 washes. The overall wash
retention was 42.4% through 25 washes corresponding to a wash resistance
index of 96.8% (Figure 3.1).
DawaPlus 4.0 LN: The average deltamethrin content in four reference
unwashed DawaPlus 4.0 ranged from 2.46 to 2.51 g/kg, corresponding to
2
106 to 109 mg AI/m . All the nets complied with the target dose of 3.0 g/kg ±
25% for 130 denier yarn [2.3 g/kg – 3.8 g/kg]. All nets had acceptable withinnet homogeneity for deltamethrin [within-net relative standard deviation (%
RSD) < 20%] (Table 3.1). The (inactive against insects) deltamethrin Ralpha isomer content in the reference and unwashed DawaPlus 4.0 was
lower than 0.1 g/kg and did not increase with the number of washes.
Deltamethrin content in the DawaPlus 4.0 declined from 2.44 g/kg to 2.37
g/kg after 25 washes. The overall wash retention was 96.8% through 25
washes corresponding to a wash resistance index of 99.8% (Figure 3.2). The
average PBO content in the four reference unwashed DawaPlus 4.0 ranged
2
from 10.6 to 11.0 g/kg, corresponding to 464 to 473 mg AI/m . All the nets
complied with the target dose of 11.0 g/kg ± 25% for 130 denier yarn [8.3–
13.8 g/kg]. All nets had acceptable within-net homogeneity for PBO [withinnet relative standard deviation (% RSD) < 20%] (Table 3.1). Piperonyl
butoxide content in DawaPlus 4.0 declined from 10.2 g/kg to 7.8 g/kg after
25 washes. The overall wash retention was 76.7% through 25 washes
corresponding to a wash resistance index of 99.0% (Figure 3.2).
Deltamethrin only nets: The average deltamethrin content in two reference
2
unwashed nets was 2.22 g/kg and 2.25 g/kg, corresponding to 94 mg/m and
2
90 mg/m . The deltamethrin content was slightly under or at the lower limit of
the target dose of 3.0 g/kg ± 25% [2.3–3.8 g/kg]. All nets had acceptable
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within-net homogeneity for deltamethrin [within-net relative standard
deviation (% RSD) < 20%] (Table 3.1). The (inactive against insects)
deltamethrin R-alpha isomer content in the reference and unwashed
DawaPlus 4.0 was lower than 0.05 g/kg and did not increase with the
number of washes. Deltamethrin content declined from 2.28 g/kg to 2.18
g/kg after 25 washes. The overall wash retention was 95.6% through 25
washes corresponding to a wash resistance index of 99.8% (Figure 3.2).
Conclusion of Phase I study
DawaPlus 3.0 LN side panels: The investigators concluded that the side
panels of DawaPlus 3.0 fulfilled the WHO criteria with ≥ 80% mortality and/or
≥ 95% knockdown against susceptible An. gambiae Kisumu strain up to 25
washes. Against An. gambiae kdr-kis, the knockdown effect ranged from 86%
to 100% but low mortality (< 5%) was observed in cone bioassays. In tunnel
tests, greater mortality (62%) and bloodfeeding inhibition (78%) was
obtained with panels washed 20 times against pyrethroid-resistant An.
gambiae kdr-kis strain. Based upon knockdown and mortality on the
susceptible An. gambiae Kisumu strain, the side panels of DawaPlus 3.0 LN
met the WHO criteria for Phase I testing.
DawaPlus 4.0 LN: DawaPlus 4.0 (= DawaPlus 3.0 roof) fulfilled the WHO
criteria of ≥ 95% knockdown but it did not achieve 80% mortality against
susceptible An. gambiae Kisumu strain up to 25 washes. Against An.
gambiae kdr-kis strain, knockdown was 100% at d 0. It decreased to 93%
after 1 wash and decreased after successive washes to 71% after 25
washes. The mortality rate with unwashed DawaPlus 4.0 was 99% and this
fell to 3% after the first wash and remained < 3% until 25 washes. In tunnel
tests, greater mortality (32%) and blood-feeding inhibition (50%) of
pyrethroid-resistant An. gambiae kdr-kis strain were obtained with netting
washed 20 times. Based upon knockdown on the susceptible An. gambiae
Kisumu strain, DawaPlus 4.0 LN (= DawaPlus 3.0 roof) met the WHO criteria
for Phase I testing.
The addition of PBO restored efficacy of the deltamethrin in the unwashed
DawaPlus 4.0 LN with 99% mortality in unwashed nets. The addition of PBO
increased mortality of DawaPlus 4.0 compared to the deltamethrin only nets
although the values remained below WHO efficacy thresholds against
susceptible An. gambiae Kisumu (kdr-kis) after washing.

3.2.2

Experimental hut studies

Vallée du Kou, Burkina Faso
A WHOPES supervised experimental hut study was conducted in Vallée du
Kou, Burkina Faso (Bayili et al., 2017b). Vallée du Kou is an irrigated rice
field area that produces mosquitoes all year round with the peak density in
August to October during the rainy season. An. coluzzii is predominant
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throughout the year and is highly resistant to pyrethroids and DDT (kdr
frequency: 0.8–0.95) and a rise in ace-1 frequency is also observed in
1
previous studies (Dabiré et al., Toé et al., Namountougou et al.).
Mosquitoes genotyped during the study period were all An. coluzzii.
The huts used were of the traditional West African style, constructed of
concrete bricks with roofs of corrugated iron. The ceilings were lined with
plastic sheets and the walls were plastered with cement. Each hut was
constructed on a concrete base with a water-filled moat to prevent ants and
other crawling scavenging insects. Mosquitoes were able to enter huts
through four window slits of 1 cm wide fitted on three sides of the huts.
Mosquitoes were able to exit into a veranda trap on the fourth side.
The seven treatment arms included in this study were:

1.
2.
3.
4.
5.

Unwashed DawaPlus 3.0
Unwashed DawaPlus 4.0
DawaPlus 3.0 washed 20 times
DawaPlus 4.0 washed 20 times
Unwashed DawaPlus2.0 (polyester net incorporated with
deltamethrin at 80 mg/m²)
6. DawaPlus 2.0 washed 20 times
7. Untreated polyester net
Nets were washed in aluminium bowls according to WHOPES
recommended protocol. The nets were washed in 10 L of well water
containing 2 g/L of soap (Savon de Marseille, pH = 10–11). The nets were
agitated for 3 min in the soap solution by stirring with a pole at 20 rotations
per min. The nets were then allowed to soak for 4 min before agitating for 3
additional min. The nets were rinsed twice in well water using the same
method. The nets were then dried horizontally in the shade and stored at
ambient temperature between washes. The regeneration time was set at 1 d
as determined by the Phase I study.
The treatment arms were allocated to seven experimental huts and rotated
weekly. Three nets were used for each treatment arm: two nets were tested
on 2 consecutive nights, one of which was tested on 3 consecutive nights
during each rotation of 7 nights. Adult male sleepers were rotated through
the huts each night. The trial was run for 9 wk: a single complete Latin
1

Dabiré KR et al. (2009). Distribution of insensitive acetylcholinesterase (Ace-1R) in Anopheles
gambiae s.l. populations from Burkina Faso (West Africa). Trop Med Int Health. 14(4):396–403.
Toé KH et al. (2015). The recent escalation in strength of pyrethroid resistance in Anopheles
coluzzi in West Africa is linked to increased expression of multiple gene families. BMC
Genomics. 16(1):146.
Namountougou M et al. (2012). Multiple insecticide resistance in Anopheles gambiae s.l.
populations from Burkina Faso, West Africa. PLoS ONE. 7(11):e48412.
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square rotation plus 2 additional weeks of collections to increase the number
of mosquitoes collected to allow adequate power for statistical analysis. The
experimental hut trial data (mortality and blood-feeding inhibition rates) were
analysed by Kruskal-Wallis test and Dunn's Multiple Comparison Test for
pair-wise comparison of all treatments. The proportion of mosquitoes that
exited to the veranda trap was analysed by using one-way ANOVA followed
by Tukey's Multiple Comparison Test to compare all treatments.
Prior to the study, six holes (4 cm x 4 cm) were cut in each net to simulate
the conditions of torn nets in the field.
Bioassays were conducted on all nets before and after the end of the hut
trial and a separate set of nets was used to measure the effect of washing
after 10 and 20 washes. Bioassays were conducted using 10 cones per net
and introducing 10 female An. gambiae Kisumu strain into each cone (100
mosquitoes per net). For DawaPlus 3.0 LN five cones were placed on the
roof and the remaining five cones on the other four sides of the net; for all
the other nets two cones were used per panel (4 sides and roof). The
mosquitoes were exposed for 3 min before being transferred to a holding
cage and observed for knockdown at 60 min post-exposure and for mortality
at 24 h post-exposure. Supplementary bioassays were also run with a wild
An. gambiae s.l. strain (VK7) reared from larvae collected in the study area
that were at least 10-fold more resistant than the Kisumu strain.
Additional tunnel test bioassays were conducted according to WHO
guidelines on all arms of the study using An. gambiae Kisumu strain and An.
gambiae s.l. larvae collected from field site. As with the cone bioassays, the
fourth net of each arm was tested at 0 and 20 washes. About 100 non bloodfed female mosquitoes aged 4–7 d old were released at 19:00 and a guinea
pig was used as a bait. The following morning, at 08:00, the mosquitoes
were removed and counted separately from each section of the tunnel. Dead,
alive, blood-fed and non-blood fed mosquitoes were recorded as well as
mortality at 24 h post-exposure. Each tunnel test was replicated three times.
Outcomes measured were: (i) blood-feeding inhibition (the reduction in
blood-feeding compared with that in the control tunnel); (ii) mortality rate (the
proportion of mosquitoes collected dead after contact and those that died
24h after removal from the tunnel); and (iii) passing rate or insecticide effect
(the proportion of mosquitoes passing through the holes made in the netting
piece being tested).
A fourth net for each treatment arm was not tested in the huts but used for
chemical analysis. Five pieces of netting (30 cm x 30 cm), one from each of
the side panels and one from the top, were cut from each net. After 20
washes, five more pieces of netting were cut from each net from adjacent
locations. After the trial, five pieces were taken from each of the six test nets
for chemical analysis. Contents of deltamethrin and PBO were analysed as
described for the Phase I laboratory study (Pigeon, 2017b).
For the hut trial, volunteers entered the huts at 20:00 and remained there
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until 07:00. In the morning, mosquitoes were collected from inside the nets,
from inside the huts and from the veranda traps. Mosquitoes were recorded
according to the location of their collection, whether they were blood-fed or
unfed, and dead or alive.
The outcomes measured in the experimental huts were:
•
•
•
•

deterrence (reduction in hut entry relative to the control huts);
induced exophily (the proportion of mosquitoes that were found in
the exit traps);
blood-feeding inhibition (reduction in blood-feeding of mosquitoes
relative to feeding in the control huts); and
immediate and delayed mortality (proportion of mosquitoes that were
found dead in the morning and that died within 24 h of collection,
respectively).

In cone bioassays with An. gambiae Kisumu, 100% mortality was recorded
with all treated nets at the beginning and the end of the trial. In cone
bioassays with wild An. gambiae s.l., all treated nets had mortality below 30%
at the beginning of the trial. Nine weeks later at the end of the trial,
unwashed DawaPlus 3.0 and DawaPlus 4.0 nets showed 60% and 50%
mortality, respectively. Other treatments showed lower mortality (< 30%).
In washing tests, data showed a similar trend with both DawaPlus 3.0 and
DawaPlus 4.0 nets washed either 10 times or 20 times knocking down > 95%
and killing > 90% of An. gambiae Kisumu but knocking down < 10% and
killing <5% wild An. gambiae s.l. after either 10 or 20 washes.
In the hut trial, 11 389 An. gambiae s.l. specimens from seven huts were
collected during the 63 d of evaluation including 1848 specimens collected in
the control huts (29.3 per night).
DawaPlus 3.0 LN: There was no difference in mosquito entry rates between
huts with unwashed DawaPlus 3.0, washed DawaPlus 2.0, unwashed
DawaPlus 2.0 or control. Mosquito exit rates were significantly higher in the
DawaPlus 3.0 nets compared to the untreated control huts but not different
from the DawaPlus 2.0 positive control net either unwashed or washed 20
times. Blood-feeding rate in the DawaPlus 3.0 nets both unwashed and
washed 20 times was neither significantly different from the untreated net
nor from DawaPlus 2.0 both unwashed and washed 20 times (Table 3.3).
The mortality in the unwashed DawaPlus 3.0 nets was significantly greater
than in the untreated control but was not significantly different from the
unwashed DawaPlus 2.0. Mortality in the DawaPlus 3.0 nets washed 20
times was no different from either the control or the DawaPlus 2.0 washed
20 times (Table 3.4).
DawaPlus 4.0 LN: Unwashed DawaPlus 4.0 nets had significantly lower
mosquito entry rates compared to the untreated control and unwashed
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DawaPlus 2.0. These effects disappeared after washing 20 times. Mosquito
exit rates were significantly higher in the unwashed DawaPlus 4.0 nets
compared to the untreated control nets and the unwashed DawaPlus 2.0
nets. Exit rates in DawaPlus 4.0 and DawaPlus 2.0 washed 20 times were
the same. Blood-feeding rate for the unwashed DawaPlus 4.0 nets was
significantly lower than for the unwashed and 20 times washed DawaPlus
2.0 and the untreated net. The blood-feeding rate for DawaPlus 4.0 washed
20 times was not significantly lower than than for the control and the
unwashed DawaPlus 2.0 but not different from DawaPlus 2.0 washed 20
times (Table 3.3). The mortality for the unwashed DawaPlus 4.0 nets was
significantly greater than for the untreated control and the DawaPlus 2.0
unwashed. Mortality for the DawaPlus 4.0 nets washed 20 times was no
different from either the control or the DawaPlus 2.0 washed 20 times (Table
3.4).
Chemical content analysis
DawaPlus 3.0 LN side panels: The average deltamethrin content in one
unwashed DawaPlus 3.0 side panel was 2.64 g/kg and complied with the
target dose of 2.5 g/kg ± 25% for 100 denier yarn [1.9–3.1 g/kg] (Table 3.5a).
All nets had acceptable within-net homogeneity for deltamethrin [within-net
relative standard deviation (% RSD) < 20%]. Deltamethrin content in the side
panels of DawaPlus 3.0 declined to 0.22 g/kg after 20 washes giving wash
retention of 8%. After field trial, the deltamethrin content did not decrease as
it was 2.44 g/kg for the unwashed and 0.19 g/kg for the 20 times washed
side panels.
DawaPlus 4.0 LN: The average deltamethrin content in one unwashed
DawaPlus 4.0 (= DawaPlus 3.0 roof) was 3.11 g/kg and complied with the
target dose of 3.0 g/kg ± 25% [2.3–3.8 g/kg] (Table 3.5a). The net had
acceptable within-net homogeneity for deltamethrin [within-net relative
standard deviation (% RSD) < 20%]. Deltamethrin content declined to 1.87
g/kg after 20 washes. The overall wash retention was 60% through 20
washes. After field trial, the deltamethrin content did not decrease, as it was
2.46 g/kg for the unwashed and 2.14 g/kg for the 20 times washed nets. The
average PBO content in one unwashed DawaPlus 4.0 was 10.4 g/kg and
complied with the target dose of 11.0 g/kg ± 25% for 130 denier yarn [8.3–
13.8 g/kg] (Table 3.5b). All nets had acceptable within-net homogeneity for
PBO [within-net relative standard deviation (% RSD) < 20%]. The PBO
content declined to 2.4 g/kg after 20 washes giving wash retention of 23%.
After the field trial, the PBO content did not decrease as it was 9.1 g/kg for
the unwashed and 1.8g/kg for the net washed 20 times.
DawaPlus 2.0 LN: The average deltamethrin content in one unwashed
DawaPlus 2.0 was 2.20 g/kg and complied with the target dose of 2.0 g/kg ±
25% [1.5–2.5 g/kg] (Table 3.5a). The net had acceptable within-net
homogeneity for deltamethrin [within-net relative standard deviation (% RSD)
< 20%]. The deltamethin content was 0.77 g/kg after 20 washes,
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corresponding to an overall deltamethrin retention of 35%. After field trial, the
deltamethrin content did not decrease, as it was 1.94 g/kg for the unwashed
and 0.79 g/kg for the DawaPlus 2.0 washed 20 times.
Malkangiri, India
A WHOPES supervised experimental hut study was conducted in Malkangiri
district, Odisha State, India (Gunasekeran et al., 2017). Malkangiri has an
average annual rainfall of 1700 mm of which > 80% occurs during June to
September under the influence of southwest monsoon. The area is hilly and
forested with numerous streams and rivers that produce An. fluviatilis (the
major malaria vector in the area), abundant during September–February as
well as An. culicifacies (the secondary vector), abundant during March–
August. Recent susceptibility tests by the Vector Control Research Centre
showed resistance of An. culicifacies to deltamethrin with a corrected
1
mortality of 72–84% (Sahu et al., 2015). Therefore, the study area was
considered suitable for evaluation of a LLIN containing pyrethroid and PBO,
such as DawaPlus 3.0 and DawaPlus 4.0, as any additional mortality as a
result of the PBO should be readily observed due to the pyrethroid
resistance.
The huts used were based on local house design (length 3 m, width 3 m,
height 2.5 m at apex and 2 m wall height) built from bricks with cement
plastering and thatched roof upon which metal sheeting is used to weather
proof the huts. The experimental huts consist of a single room with a nylon
mesh veranda on the eastern side and four eave windows with 2 cm slits
through which mosquitoes enter to the huts. Each window is 0.45 x 0.45 m
and fitted with louvres having a gap of 1 cm between two planks through
which mosquitoes could enter into the hut but could not exit. Two windows
and a door are located on the west side and one on each of the other two
sides. The huts are built on a concrete plinth surrounded by a water-filled
moat to deter entry of scavenging ants.
The seven treatment arms included in this study were:
1. Untreated polyester net (negative control)
2. Unwashed DawaPlus 2.0 (positive control)
3. DawaPlus 2.0 washed 20 times (positive control)
4. Unwashed DawaPlus 3.0
5. DawaPlus 3.0 washed 20 times
6. Unwashed DawaPlus 4.0
7. DawaPlus 4.0 washed 20 times
Nets were washed in aluminium bowls according to WHOPES
recommended protocol. The nets were washed in 10 L of well water
1
Sahu SS et al. (2015). Triple insecticide resistance in Anopheles culicifacies: a practical
impediment for malaria control in Odisha State, India. Indian J Med Res. 142:59–63.
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containing 2 g/L of soap (Savon de Marseille, pH = 10–11). The nets were
agitated for 3 min in the soap solution by stirring with a pole at 20 rotations
per min. The nets were then allowed to soak for 4 min before agitating for 3
additional min. The nets were rinsed twice in well water using the same
method. The nets were then dried horizontally in the shade and stored at
ambient temperature between washes. The regeneration time was set at 1 d
as determined by the Phase I study. Nets were labelled with a code to blind
allocation of treatment arms.
The treatment arms were randomly allocated to seven experimental huts and
rotated weekly. Six nets were used for each treatment arm during each
rotation of 6 nights per week. Seven pairs of sleepers (husband and wife)
were rotated through the huts each night. The trial was run for 7 weeks, i.e. a
single complete Latin square (n = 42). Data were analysed using binary
logistic regression for proportional data (mortality, exiting and blood-feeding)
while negative binomial regression for count data (mosquito densities) with
adjustments made for the effect of hut and sleeper. Further comparison
between the candidate LNs (DawaPlus 3.0 or DawaPlus 4.0) and the
positive control was made from the 95% confidence intervals of the
incidence rate ratio or odds ratios, as applicable.
Prior to the study, six holes (4 cm x 4 cm) were cut in each net to simulate
the conditions of torn nets in the field.
Bioassays and chemical analysis were performed on the same nets on
adjacent pieces. Using WHO cones, bioassays with laboratory reared,
susceptible blood-fed An. stephensi were performed on nets before any
wash, after 10 washes and washing after 20 times at the Vector Control
Research Centre, Puducherry. Bioassays were also done on one net (one
randomly selected net out of the six replicate nets) per arm using wild caught
pyrethroid-resistant An. culicifacies just before the hut evaluation. Similarly,
bioassays were done on one used net (one randomly selected net out of the
six replicate nets used in the huts) per arm at the end of the hut evaluation.
Five pieces of netting (30 cm x 30 cm), one from each of the side panels and
one from the top, were cut from each net. After 20 washes, five more pieces
of netting were cut from each net from adjacent locations. After the trial, five
pieces were taken from each of the six nets for chemical analysis. Contents
of deltamethrin and PBO were analysed as described for the Phase I
laboratory study (Pigeon, 2017c).
For the hut trial, volunteers entered the huts at 19:00 and remained there
until 05:30. In the morning, mosquitoes were collected from inside the nets,
from inside the huts and from the veranda traps. Mosquitoes were
morphologically identified and recorded according to the location where they
were collected, whether they were blood-fed or unfed, and dead or alive.
The outcomes measured in the experimental huts were:
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•
•
•
•

deterrence (reduction in hut entry relative to the control huts);
induced exophily (the proportion of mosquitoes that were found in
the exit traps);
blood-feeding inhibition (reduction in blood-feeding of mosquitoes
relative to feeding in the control huts); and
immediate and delayed mortality (proportion of mosquitoes that were
found dead in the morning and that died within 24 h of collection,
respectively).

In cone bioassays with An. stephensi, 100% mortality was recorded with all
treated nets before any washes, after 10 washes and after 20 washes. In
cone bioassays with wild An. culicifacies s.l., all treated nets had mortality <
50% at the beginning of the trial. Seven weeks later at the end of the trial the
unwashed DawaPlus 3.0 had the greatest mortality: 50% for unwashed and
70% mortality for nets washed 20 times. DawaPlus 4.0 showed 54% and 30%
mortality for unwashed and nets washed 20 times, respectively. The
performance was similar to DawaPlus 2.0 that showed 54% and 36% for
unwashed and nets washed 20 times, respectively.
In the hut trial, 816 mosquitoes were collected and, of the total, An.
culicifacies was the predominant species constituting 45.8% with 0.24% An.
fluviatilis, 31.0% other anophelines and 22.9% culicines. There were an
average of 6.28 (standard error ± 0.52) An. culicifacies collected in the
control arm per night.
DawaPlus 3.0 LN: There was lower mosquito entry rate into huts with both
washed and unwashed DawaPlus 2.0 and DawaPlus 3.0 nets compared to
the control. There was no difference in mosquito entry rate between huts
with DawaPlus 2.0 and DawaPlus 3.0 nets unwashed and washed 20 times.
Mosquito exit rates were significantly higher in the DawaPlus 3.0 nets (both
washed and unwashed) compared to the untreated control huts but not
different from the DawaPlus 2.0 positive control net either unwashed or
washed 20 times. Blood-feeding rate in huts with unwashed DawaPlus 3.0
nets was zero. For DawaPlus 3.0 washed 20 times it was significantly lower
than the control but not significantly different than DawaPlus 2.0 washed 20
times (Table 3.3). The mortality in huts with unwashed DawaPlus 3.0 nets
was neither significantly greater than in the untreated control nor significantly
different from the unwashed DawaPlus 2.0. Mortality in huts with DawaPlus
3.0 nets washed 20 times was no different from either the control or the
DawaPlus 2.0 washed 20 times (Table 3.4).
DawaPlus 4.0 LN: There was lower mosquito entry rate into huts with both
washed and unwashed DawaPlus 2.0 and DawaPlus 4.0 nets compared to
the control. There was no difference in mosquito entry rate between huts
with DawaPlus 2.0 and DawaPlus 4.0 nets unwashed and washed 20 times.
Mosquito exit rates were significantly higher in huts with DawaPlus 4.0 nets
(both washed and unwashed) compared to the untreated control huts but not
60

different from the DawaPlus 2.0 positive control net either unwashed or
washed 20 times. Blood-feeding rate in huts with the unwashed DawaPlus
4.0 nets was not different from unwashed DawaPlus 2.0 nets (Table 3.3).
Blood-feeding rate in huts with the DawaPlus 4.0 washed 20 times was not
different from DawaPlus 2.0 nets washed 20 times. All treatments had
significantly lower blood-feeding rates compared to the control. The mortality
in huts ranged from 17.6% to 50.0% and did not differ significantly among
different treatments (Table 3.4).
Chemical content analysis
DawaPlus 3.0 LN side panels: The average deltamethrin content in two
unwashed DawaPlus 3.0 side panels was 2.50 and 2.58 g/kg (Table 3.5a).
The nets complied with the target dose of 2.5 g/kg ± 25% [1.9–3.1 g/kg]. All
nets had acceptable within-net homogeneity for deltamethrin [within-net
relative standard deviation (% RSD) < 20%]. The deltamethin content was
0.96 g/kg after 20 washes, corresponding to an overall deltamethrin
retention of 37%. After field trials, the deltamethrin content did not decrease,
as it was 2.47 g/kg for the unwashed DawaPlus 3.0 side panels and 0.94
g/kg for the DawaPlus 3.0 side panels washed 20 times.
DawaPlus 4.0 LN: The average deltamethrin content in two unwashed
DawaPlus 4.0 was 2.32 and 2.36 g/kg and complied with the target dose of
3.0 g/kg ± 25% [2.3–3.8 g/kg] with an acceptable within-net homogeneity for
deltamethrin [within-net relative standard deviation (% RSD) < 20%] (Table
3.5a). The deltamethrin content was 2.16 g/kg after 20 washes,
corresponding to an overall deltamethrin retention of 91%. After field trials,
the deltamethrin content did not decrease, as it was 2.34 g/kg for the
unwashed DawaPlus 4.0 and 2.24 g/kg for the DawaPlus 4.0 washed 20
times. The average PBO content in the two unwashed DawaPlus 4.0 was
9.7 and 9.9 g/kg and complied with the target dose of 11.0 g/kg ± 25% for
130 denier yarn [8.3–13.8 g/kg]. All nets had acceptable within-net
homogeneity for PBO [within-net relative standard deviation (% RSD) < 20%]
(Table 3.5b). The PBO content was 6.0 g/kg after 20 washes, corresponding
to an overall PBO retention of 61%. After field trials, the PBO content did not
decrease, as it was 9.3 g/kg for the unwashed DawaPlus 4.0 and 5.9 g/kg
for the DawaPlus 4.0 washed 20 times.
DawaPlus 2.0 LN: The average deltamethrin content in two unwashed
DawaPlus 2.0 was 2.08 and 2.07 g/kg and complied with the target dose of
2.0 g/kg ± 25% [1.5–2.5 g/kg] (Table 3.5a). The net had acceptable withinnet homogeneity for deltamethrin [within-net relative standard deviation (%
RSD) < 20%]. The deltamethin content was 0.74 g/kg after 20 washes,
corresponding to an overall deltamethrin retention of 36%. After field trials,
the deltamethrin content did not decrease, as it was 2.02 g/kg for the
unwashed DawaPlus 2.0 and 0.64 g/kg for the DawaPlus 2.0 washed 20
times.
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Muheza, United Republic of Tanzania
A WHOPES supervised experimental hut study was conducted in Zenet,
Muheza, United Republic of Tanzania (Tungu et al., 2017b). The main vector
species is An. funestus, which is pyrethroid resistant. WHO susceptibility
tests with permethrin papers on F1 of the An. funestus collected from the
village and from experimental huts with untreated nets recorded mortality
rates of 52.6%, indicating resistance to pyrethroids. Susceptibility tests on F1
of the few An. gambiae collected from untreated huts and village recorded
knockdown of 30% and mortality of 43%. Earlier in 2016, tests with 0.05%
alpha-cypermethrin impregnated papers produced 52.7% (128/243) mortality
in F1 of wild An. gambiae.
The six experimental huts are situated in Zenet village in Muheza district
o
o
(5 13S and 38 39E, altitude 193 m). The huts are made to a standard
traditional East African veranda trap hut design, with brick walls plastered
with mud on the inside, a wooden ceiling lined with hessian sackcloth,
corrugated iron roof, open eaves, with window traps and veranda traps on
each side. The huts are built on concrete plinths and surrounded by a waterfilled moat to deter entry of scavenging ants. There are two screened
veranda traps on opposite sides of the huts to capture any mosquitoes that
exit the room via the open eaves (unbaffled). The eaves of the two open
verandas are baffled inwardly to funnel host-seeking mosquitoes into the hut
and to deter exiting through these openings.
The seven treatment arms included in this study were:
1.
2.
3.
4.
5.
6.
7.

Unwashed DawaPlus 3.0
Unwashed DawaPlus 4.0
DawaPlus 3.0 washed 20 times
DawaPlus 4.0 washed 20 times
Unwashed deltamethrin incorporated nets (Panda Net 2.0 LN)
Panda Net 2.0 LN washed 20 times
Untreated polyester net

Nets were washed in aluminium bowls according to WHOPES
recommended protocol. The nets were washed in 10 L of well water
containing 2 g/L of soap (Savon de Marseille, pH = 10–11). The nets were
agitated for 3 min in the soap solution by stirring with a pole at 20 rotations
per min. The nets were then allowed to soak for 4 min before agitating for 3
additional min. The nets were rinsed twice in well water using the same
method. The nets were then dried horizontally in the shade and stored at
ambient temperature between washes. The regeneration time was set at 1 d
as determined by the Phase I study. Nets were labelled with a code to blind
allocation of treatment arms.
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The treatment arms were rotated through the huts according to a Latin
square design. Data were collected for 63 nights. Three nets were available
per treatment arm. Each net was tested three times in each hut (3 nets x 3
nights x 7 huts = 63 nights). At the end of each rotation the huts were
cleaned and aired for 1 d and the treatments moved to the next hut. Prior to
the study, six holes (4 cm x 4 cm) were cut in each net to simulate the
conditions of torn nets in the field. Statistical analysis was carried out using
logistic regression for proportional data (mortality and blood feeding)
adjusting for the effect of hut, sleeper and day of collection.
Cone bioassays were performed on DawaPlus 3.0 and DawaPlus 4.0 on
netting taken from the side panels and roof of the nets over 20 washes. The
bioassays were carried out using laboratory reared pyrethroid susceptible
An. gambiae Kisumu strain at 0 and 20 washes. Ten replicate batches of five
mosquitoes were tested at each wash interval on the five sectors (sides and
roof) of each net. Mosquito exposure was for 3 min and mortality was scored
after 24 h later. It was not possible to test resistant wild caught mosquitoes in
cone bioassay using resistant wild caught mosquitoes. Five pieces of netting
(30 cm x 30 cm), one from each of the side panels and one from the top,
were cut from each net. After 20 washes, five more pieces of netting were
cut from each net from adjacent locations. After the trial, five pieces were
taken from each of the six nets for chemical analysis. Content of
deltamethrin and PBO was analysed as described for the Phase I laboratory
study (Pigeon, 2017d).
For the hut trial, volunteers entered the huts at 19:00 and remained there
until 05:30. In the morning, mosquitoes were collected from inside the nets,
from inside the huts and from the veranda traps. Mosquitoes were
morphologically identified and recorded according to the location where they
were collected, whether they were blood-fed or unfed, and dead or alive.
The outcomes measured in the experimental huts were:
•
•
•
•

deterrence (reduction in hut entry relative to the control huts);
induced exophily (the proportion of mosquitoes that were found in
the exit traps);
blood-feeding inhibition (reduction in blood-feeding of mosquitoes
relative to feeding in the control huts); and
immediate and delayed mortality (proportion of mosquitoes that were
found dead in the morning and that died within 24 h of collection,
respectively).

The cone bioassays showed 100% mortality for DawaPlus 3.0 LN, DawaPlus
4.0 LN and Panda Net 2.0 LN using An. gambiae Kisumu on the unwashed
nets and between 94% and 100% on the nets post-washing and post-trial.
This confirms that with Phase II style washing, both types of DawaPlus LN
maintained their insecticidal efficacy after 20 washes and exceeded the
WHOPES criteria of ≥ 80% mortality against a susceptible strain. Owing to
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the limited availability of wild An. funestus it was not possible to run
bioassays using a resistant wild strain during the project period.
DawaPlus 3.0 LN: There was no difference in mosquito entry rate into huts
with both washed and unwashed Panda Net 2.0 and DawaPlus 3.0 nets
compared to the control. There was no difference in mosquito entry rate
between huts with Panda Net 2.0 and DawaPlus 3.0 nets unwashed and
washed 20 times. Mosquito exit rates were significantly higher in the
DawaPlus 3.0 nets (both washed and unwashed) compared to the untreated
control huts but not different from the Panda Net 2.0 positive control net
either unwashed or washed 20 times. Blood-feeding rate in the DawaPlus
3.0 nets unwashed or washed 20 times was significantly greater than the
control (Table 3.3). There was no difference in blood-feeding rates between
unwashed DawaPlus 3.0 and Panda Net 2.0. DawaPlus 3.0 washed 20
times had lower blood-feeding rates than Panda Net 2.0 washed 20 times.
Mortality in the unwashed DawaPlus 3.0 nets was significantly greater than
in the untreated control, unwashed Panda Net 2.0 and Panda Net 2.0
washed 20 times (Table 3.4). Mortality in the DawaPlus 3.0 washed 20 times
was significantly greater than in the untreated control, unwashed Panda Net
2.0 and Panda Net 2.0 washed 20 times.
DawaPlus 4.0 LN: There was no difference in mosquito entry rate into huts
with both washed and unwashed Panda Net 2.0 and DawaPlus 4.0 nets
compared to the control. Mosquito exit rates were not significantly higher in
the DawaPlus 4.0 nets (both washed and unwashed) compared to the
untreated control huts or the unwashed Panda Net 2.0. The Panda Net 2.0
washed 20 times had higher mosquito exit rates than the DawaPlus 4.0 nets
washed 20 times. Blood-feeding rate in the DawaPlus 4.0 nets unwashed or
washed 20 times was significantly greater than the control (Table 3.3). The
blood-feeding rate was not significantly different between unwashed
DawaPlus 4.0 and unwashed Panda Net 2.0. After 20 washes there were
significantly lower blood-feeding rates with DawaPlus 4.0 compared to
Panda Net 2.0. The unwashed DawaPlus 4.0 and unwashed Panda Net 2.0
treatments had significantly greater mortality than the untreated control
(Table 3.4). Unwashed DawaPlus 4.0 and unwashed Panda Net 2.0
treatments did not significantly differ. Mortality rates of DawaPlus 4.0
washed 20 times was significantly greater than mortality rates of Panda Net
2.0 washed 20 times.
Chemical content analysis
DawaPlus 3.0 LN side panels: The average deltamethrin content in two
unwashed DawaPlus 3.0 side panels was 2.46 and 2.41 g/kg (Table 3.5a).
The nets complied with the target dose of 2.5 g/kg ± 25% [1.9–3.1 g/kg]. All
nets had acceptable within-net homogeneity for deltamethrin [within-net
relative standard deviation (% RSD) < 20%]. The deltamethin content was
0.42 g/kg after 20 washes, corresponding to an overall deltamethrin
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retention of 17%. After the field trial, the deltamethrin content did not
decrease, as it was 2.23 g/kg for the unwashed DawaPlus 3.0 side panels
and 0.43 g/kg for the DawaPlus 3.0 side panels washed 20 times.
DawaPlus 4.0 LN: The average deltamethrin content in two unwashed
DawaPlus 4.0 was 2.79 and 2.77 g/kg and complied with the target dose of
3.0 g/kg ± 25% [2.3–3.8 g/kg] with an acceptable within-net homogeneity for
deltamethrin [within-net relative standard deviation (% RSD) < 20%] (Table
3.5a). The deltamethrin content was 2.57 g/kg after 20 washes,
corresponding to an overall deltamethrin retention of 93%. After the field trial,
the deltamethrin content did not decrease, as it was 2.72 g/kg for the
unwashed DawaPlus 4.0 and 2.56 g/kg for the DawaPlus 4.0 washed 20
times. The average PBO content in two unwashed DawaPlus 4.0 was 10.6
and 10.8 g/kg and complied with the target dose of 11.0 g/kg ± 25% [8.3–
13.8 g/kg] for 130 denier yarn (Table 3.5b). All nets had acceptable withinnet homogeneity for PBO [within-net relative standard deviation (% RSD) <
20%]. The PBO content was 4.8 g/kg after 20 washes, corresponding to an
overall PBO retention of 45%. After the field trial, the PBO content did not
decrease, as it was 9.9 g/kg for the unwashed DawaPlus 4.0 and 4.3 g/kg
for the DawaPlus 4.0 washed 20 times.
Panda Net 2.0 LN: The average deltamethrin content in two unwashed
Panda Net 2.0 was 2.12 and 2.14 g/kg and complied with the target dose of
1.8 g/kg ± 25% [1.4–2.3 g/kg] (Table 3.5a). The net had acceptable withinnet homogeneity for deltamethrin [within-net relative standard deviation (%
RSD) < 20%]. The deltamethin content was 1.55 g/kg after 20 washes,
corresponding to an overall deltamethrin retention of 72%. After the field trial,
the deltamethrin content did not decrease, as it was 2.12 g/kg for the
unwashed DawaPlus 2.0 and 1.64 g/kg for the DawaPlus 2.0 washed 20
times.

3.3

Conclusions and recommendations

DawaPlus 3.0 is a combination LN made up of 130 denier roof of
polyethylene netting (mass of net 40 g/m²) incorporating 3 g AI/kg
2
2
deltamethrin (or 120 mg AI/m ) and 11 g/kg (or 440 mg AI/m ) piperonyl
butoxide (PBO), and side panels of 100 denier multi-filament polyester
2
netting (mass 40 g/m²) coated with 2.5 g AI/kg deltamethrin (100 mg AI/m ).
DawaPlus 4.0 incorporates deltamethrin and PBO, a synergist, into
2
polyethylene at 3 g AI/kg deltamethrin (or 120 mg AI/m ) and 11 g/kg PBO
2
(or 440 mg AI/m ) (for 130 denier) and is manufactured by Tana Netting,
Dubai, United Arab Emirates.
WHO’s evaluation of the manufacturer’s compliance with the assessment of
exposure to and risks of washing and sleeping under a DawaPlus 3.0 or
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DawaPlus 4.0 was in line with its generic risk assessment model; when used
as instructed, the net does not pose undue risk to the user.
The content of deltamethrin in all unwashed DawaPlus 3.0 and DawaPlus
4.0 samples tested in Phase I and II studies complied with the target dose of
2.5 g AI/kg ± 25% deltamethrin for DawaPlus 3.0 side panels and 3 g AI/kg ±
25% for DawaPlus 3.0 roof and DawaPlus 4.0. The PBO content of the
DawaPlus 4.0 samples complied with the target dose of 11.0 g/kg ± 25%.
The DawaPlus 3.0 roof samples were not considered because there was
insufficient replication.
DawaPlus 3.0 LN side panels
The Phase I regeneration time study based on cone bioassays showed a
regeneration time of 1 d after three consecutive wash–dry cycles in a single
day. The chemical analysis of the DawaPlus 3.0 washed up to 25 times
showed an exponential decay of deltamethrin as a function of the number of
washes, with an average wash resistance index of 96.8%. After 25 washes
the DawaPlus 3.0 contained 42.4% of the initial deltamethrin content. The
DawaPlus 3.0 met the WHO Phase I bioefficacy criteria based upon both
knockdown (≥ 95%) and mortality (≥ 80%) after 20 washes.
In three WHOPES Phase II experimental hut studies, the retention of
deltamethrin after 20 washes of nets ranged from 8% to 37%. At the end of
the trials in experimental huts, all tested DawaPlus 3.0 washed 20 times
complied with the WHO criteria for bioefficacy (mortality ≥ 80% or
knockdown ≥ 95%).
In two settings, namely Vallée du Kou (Burkina Faso) and Muheza (United
Republic of Tanzania), there was no significant difference in blood-feeding
rates between the positive control (reference) net washed 20 times
(DawaPlus 2.0 or Panda Net 2.0) and the candidate DawaPlus 3.0 LN
washed 20 times. However, in Malkangiri (India) analysis of blood meals
showed that the zoophagic vector An. culicifacies fed mainly on cows before
entering the huts (75% of 108 mosquitoes tested for bovine blood meal) and
so these data on blood-feeding were not used to evaluate the performance
of the nets. In all three settings, i.e. Vallée du Kou (Burkina Faso), Muheza
(United Republic of Tanzania) and Malkangiri (India), there was no
difference in mortality rates between the reference net washed 20 times
(DawaPlus 2.0 or Panda Net 2.0) and the candidate DawaPlus 3.0 LN
washed 20 times.
In the three WHOPES supervised experimental hut trials, the performance of
the DawaPlus 3.0 was not significantly different to that of a reference LN
(DawaPlus 2.0 or Panda Net 2.0) washed 20 times. The DawaPlus 3.0
washed 20 times induced between 29% and 75% blood-feeding inhibition
and between 7% and 32% mortality.
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Based on these results the DawaPlus 3.0 LN fulfilled the requirements of
WHOPES Phase I and Phase II studies for long-lasting insecticidal nets.
DawaPlus 4.0 LN
The Phase I regeneration time study based on cone bioassays showed a
regeneration time of 1 d after three consecutive wash– dry cycles in a single
day. The chemical analysis of the DawaPlus 4.0 washed up to 25 times
showed an exponential decay of deltamethrin and PBO as a function of the
number of washes, with an average wash resistance index of 99.8% for
deltamethrin and 99.0% for PBO. After 25 washes the DawaPlus 4.0
contained 96.08% of the initial deltamethrin content and 76.7% of the
original PBO content. The DawaPlus 4.0 met the WHO Phase I bioefficacy
criteria based upon knockdown (≥ 95%) after 20 washes.
In three WHOPES Phase II experimental hut studies, the retention of
deltamethrin after 20 washes of nets ranged from 60% to 93% and the
retention of PBO after 20 washes ranged from 23% to 45%. At the end of the
trials in experimental huts, all tested DawaPlus 4.0 washed 20 times
complied with the WHO criteria for bioefficacy (mortality ≥ 80% or
knockdown ≥ 95%).
In two settings, namely Vallée du Kou (Burkina Faso) and Muheza (United
Republic of Tanzania), there was no significant difference in blood-feeding
rates between the positive control (reference) net washed 20 times
(DawaPlus 2.0 or Panda Net 2.0 LN) and the candidate DawaPlus 4.0 LN
washed 20 times. However, in Malkangiri (India) analysis of blood meals
showed that the zoophagic vector An. culicifacies fed mainly on cows before
entering the huts (75% of 108 mosquitoes tested for bovine blood meal) and
so these data on blood-feeding were not used to evaluate the performance
of the nets. In India and Burkina Faso there was no difference in mortality
rates between the candidate DawaPlus 4.0 LN and the DawaPlus 2.0
reference net washed 20 times. In the Tanzanian study, DawaPlus 4.0
washed 20 times killed significantly more mosquitoes than the reference LN
Panda Net 2.0 washed 20 times.
Of note in the Burkina Faso study, where there was a high level of pyrethroid
1
resistance and high numbers of mosquitoes were collected in the huts, is
the performance of the unwashed DawaPlus 4.0, which was superior to that
of the unwashed reference net in terms of blood-feeding inhibition and
mortality. The DawaPlus 4.0 washed 20 times also outperformed the positive
control (reference) net washed 20 times in terms of blood-feeding inhibition,
but not mortality.
1

Toé KH et al. (2014). Increased pyrethroid resistance in malaria vectors and
decreased bed net effectiveness, Burkina Faso. Emerg Infect Dis. 20(10):1691–96.
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In the three WHOPES supervised experimental hut trials, the performance of
the DawaPlus 4.0 washed 20 times was equal to or superior to that of a
reference LN (DawaPlus 2.0 or Panda Net 2.0) washed 20 times. The
DawaPlus 4.0 washed 20 times induced between 37% and 78% bloodfeeding inhibition and between 5% and 33% mortality.
Based on these results the DawaPlus 4.0 fulfilled the requirements of
WHOPES Phase I and Phase II studies for long-lasting insecticidal nets.
Considering the safety, efficacy and resistance to washing of DawaPlus 3.0
LN and DawaPlus 4.0 LN in laboratory studies and small-scale experimental
hut studies, the 20th WHOPES Working Group recommended:
•

that an interim recommendation be given for the use of DawaPlus
3.0 LN and DawaPlus 4.0 in the prevention and control of malaria;
and

•

that the evidence should be generated by the manufacturer in
prospective long-term field trials to demonstrate community
acceptability, physical durability and insecticidal activity of DawaPlus
3.0 LN and DawaPlus 4.0 LN, and the data should be submitted to
WHO.

The meeting also recommended:
•

that the national authorities and procurement agencies must ensure
that the DawaPlus 3.0 LN and DawaPlus 4.0 LN comply with WHO
specifications as recommended by the Organization according to the
quality control procedures outlined in the Guidelines for procuring
1
public health pesticides.

Note: WHO recommendations on the use of pesticides in public health
are valid ONLY if linked to WHO specifications for their quality control.

1

WHO (2012). Guidelines for procuring public health pesticides. Geneva: World Health
Organization (http://whqlibdoc.who.int/publications/2012/9789241503426_eng.pdf, accessed
July 2017).
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Figure 3.1 Wash resistance curves for deltamethrin and piperonyl butoxide (PBO) in DawaPlus 3.0 LN
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Figure 3.2 Wash resistance curves for deltamethrin in DawaPlus 4.0 LN
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Table 3.1 WHOPES Phase I and Phase II studies: deltamethrin and piperonyl butoxide (PBO) mean content, their compliance
with WHO specification and within-net variation in baseline/unwashed DawaPlus 2.0, DawaPlus 3.0 side panels, DawaPlus 4.0
and Panda Net 2.0 LN. Target dose and tolerance limits for deltamethrin at baseline are 2.0 g/kg ± 25% [1.5–2.5 g/kg] for
DawaPlus 2.0, 2.5 g/kg ± 25% [1.9–3.1 g/kg] for DawaPlus 3.0 side panels, 3.0 g/kg ± 25% [2.3–3.8 g/kg] for DawaPlus 3.0 roof
1
and DawaPlus 4.0, and 1.8 g/kg ± 25% [1.4–2.3 g/kg] for Panda Net 2.0. Target dose and tolerance limits for PBO in
1
DawaPlus 3.0 roof and DawaPlus 4.0 at baseline are 11.0 g/kg ± 25% [8.3–13.8 g/kg]
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Table 3.2 WHOPES Phase I wash resistance study: deltamethrin active ingredient (AI) and piperonyl butoxide (PBO) content
and retention (wash resistance index, WRI) of DawaPlus 3.0 and DawaPlus 4.0 and corresponding knockdown and mortality of
An. gambiae (Kisumu strain) in cone bioassays and knockdown, mortality and blood-feeding inhibition of resistant An. gambiae
(kdr-kis strain). Target dose and tolerance limits for deltamethrin at baseline are 2.5 g/kg ± 25% [1.9–3.1 g/kg] for DawaPlus 3.0
side panels and 3.0 g/kg ± 25% [2.3–3.8 g/kg] for DawaPlus 4.0. Target dose and tolerance limits for PBO in DawaPlus 3.0 roof
and DawaPlus 4.0 at baseline are 11.0 g/kg ± 25% [8.3–13.8 g/kg]
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Pyrethroid
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Resistance levels were measured by WHO tube assays.
Unwashed DawaPlus 3.0 was not included in the analysis.
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An. funestus
(733)

Malkangiri, India
An. culicifacies
(810)
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(no. of
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(46.6–
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100

2

0
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(36.2-59.2)
33.3
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DawaPlus
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(0.3–4.9)
75

45.5a,c,d
(41.7–
61.8)
29.37
42.1b
(19.9–
64.3)
55.2

DawaPlus
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33.8b
(21.9–
45.5)
47.5
66.7b
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93.3)
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4a,b
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4.0

2.0b
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(0.5–8)
53.5
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Panda Net
2.0
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13.4)
15.2
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Net 2.0
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20 times

Table 3.3 DawaPlus 2.0, DawaPlus 3.0, DawaPlus 4.0 Phase II studies: overview of blood-feeding (% and 95% confidence
interval) and blood-feeding inhibition (% shown in bold type) in wild mosquitoes. Values in the same row sharing the same
superscript letter do not differ significantly (P < 0.05)
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Resistance levels were measured by WHO tube assays.
Unwashed DawaPlus 3.0 was not included in the analysis and the unwashed DawaPlus 2.0 was the reference net.

Muheza,
Tanzania
An. funestus (733)

Malkangiri, India
An. culicifacies
(810)

Vallée du Kou,
Burkina Faso An.
coluzzii (11 389)

Anopheles spp.

Study sites (no.
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Table 3.4 DawaPlus 2.0, DawaPlus 3.0 and DawaPlus 4.0 Phase II studies: overview of mortality (% and 95% confidence
interval) and corrected mortality (% shown in bold type) in wild, free-flying mosquitoes. Values in the same row sharing the same
superscript letter do not differ significantly (P < 0.05)
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Table 3.5a WHOPES Phase II studies: deltamethrin active ingredient (AI) content and retention in DawaPlus 2.0, DawaPlus 3.0
side panels, DawaPlus 4.0 and Panda Net 2.0. Target dose and tolerance limits for deltamethrin at baseline are 2.0 g/kg ± 25%
[1.5–2.5 g/kg] for DawaPlus 2.0, 2.5 g/kg ± 25% [1.9–3.1 g/kg] for DawaPlus 3.0 side panels and 3.0 g/kg ± 25% [2.3–3.8 g/kg]
for DawaPlus 4.0, and 1.8 g/kg ± 25% [1.4–2.3 g/kg] for Panda Net 2.0
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Table 3.5b WHOPES Phase II studies: piperonyl butoxide content (PBO) and retention in DawaPlus 3.0 (roof panel), DawaPlus
4.0 target dose and tolerance limits for PBO in DawaPlus 3.0 roof and for DawaPlus 4.0 at baseline are 11.0 g/kg ± 25% [8.3–
13.8 g/kg]

4.

REVIEW OF SUMILARV 2 MR

SumiLarv 2 MR, a matrix release formulation, is manufactured by Sumitomo
Chemical Co. Ltd., Japan. It is a 2 g plastic disc containing 2% (20 g AI/kg ±
25% w/w) pyriproxyfen, an insect growth regulator. The manufacturer’s label
recommendation is to place one disk in a water container with a volume of
40 L; the disc sinks to the bottom of the container and pyriproxyfen is slowly
released from the matrix to give a long duration of efficacy. When cleaning
empty containers, the disc is temporarily kept out of the water in the shade,
and should be put back into the container after refilling with water.
1

Pyriproxyfen has previously been recommended by WHO as an insecticide
for control of mosquito larvae in containers at the target dose of 0.01 mg AI/L.
The WHO specification for pyriproxyfen technical material from Sumitomo
2
Chemical Co. Ltd. is already published.
According to the manufacturer, the product can be manually applied into
water containers to prevent mosquito breeding. The current evaluation has
assessed the efficacy of SumiLarv 2 MR mainly against container breeding
Aedine mosquitoes in different water storage containers.

4.1

Safety assessment

The assessment of risk to humans of applying and using SumiLarv 2 MR
treated water was performed based on the data provided by the
manufacturer (Aitio, 2017b). The WHO Generic risk assessment model for
3
insecticides used for larviciding was used as a guiding document.
The FAO/WHO Joint Meeting on Pesticide Residues (JMPR) has assessed
the toxicity of pyriproxyfen. An acceptable daily intake (ADI) has been set at
4
0–0.1 mg AI/kg; no acute reference dose was considered necessary. This
conclusion of JMPR means that an acute dose of 5 mg/kg bw is not
5
expected to cause adverse effects in humans. WHO has recommended
pyriproxyfen as a mosquito larvicide for application in drinking-water
1

Report of the fourth WHOPES Working Group meeting, 4–5 December 2000
(http://whqlibdoc.who.int/hq/2001/WHO_CDS_WHOPES_2001.2.pdf, accessed February 2017).
WHO specifications for pesticides used in public health
(http://who.int/whopes/quality/newspecif/en/, accessed February 2017).
3
WHO (2011). Generic risk assessment model for insecticides used for larviciding – first
revision. Geneva: World Health Organization
(http://apps.who.int/iris/bitstream/10665/44675/1/9789241502184_eng.pdf, accessed February
2017).
4
JMPR (1999). Pyriproxyfen. Rome: Joint Meeting of the FAO Panel of Experts on Pesticide
Residues in Food and the Environment and the WHO Core Assesssment Group
(http://www.inchem.org/documents/jmpr/jmpmono/v99pr12.htm, accessed 9 January 2017).
5
IPCS (2009). Environmental Health Criteria 240. Principles and methods for the risk
assessment of chemicals in food. Chapter 5: dose–response assessment and derivation of
health-based guidance values. Geneva: World Health Organization
(http://www.who.int/foodsafety/publications/chemical-food/en, accessed 9 January 2017).
2
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1

containers; the recommended dosage of pyriproxyfen (10 µg/L) in drinking2
water is considered to be without risk to human health. In an extreme worst
case, in which drinking-water is stored with a SumiLarv 2 MR disc for 6
months and then consumed as drinking-water, the predicted dose of
pyriproxyfen will be less than 15% of the ADI in all age groups.
It is concluded that SumiLarv 2 MR releases pyriproxyfen at a rate that does
not generate hazardous concentrations in drinking-water containers.
Assuming that the active ingredient pyriproxyfen complies with the impurity
3
profile established in the WHO specification , use of SumiLarv 2 MR for
drinking-water container larviciding does not pose a health risk to adults,
children, toddlers or newborns.

4.2

Efficacy – background and supporting documents

Kisongo, United Republic of Tanzania
In a non-WHOPES simulated field trial in Kisongo, United Republic of
Tanzania, SumiLarv 2 MR was evaluated at the dosage of 0.5, 1 and 2 discs
per 40 L of tap water in plastic containers of 60 L capacity that were covered
with lids (Himeidan and Odera, 2017). Three replicates per treatment of
containers kept under shade were run with 50% water replaced once every
week for the first month and then every 2 wk for the subsequent months
(dosage: 0.5, 1 and 2 discs per 40 L) or 100% water replaced every week
(dose: 1 disc/40L). An untreated control was run. Similarly, containers kept in
direct sunlight treated with 1 disc/40 L water were also included in the study.
Every 2 wk before replacing the water, about 300 mL of treated water was
sampled and fourth instar larvae of Ae. Aegypti Bora Bora (susceptible strain)
were tested in larval bioassays in beakers containing 100 mL treated or
control water. Larval bioassays were conducted once every week for up to
one month, then once every two weeks for up to 12 months of treatment.
The number of emerging mosquito adults was counted every day until all
larvae in the untreated water (control) had emerged.
At the lower dosage (0.5 disc/40 L with 50% water replacement every 2 wk
or 1 disc/40 L with full water replaced every week), SumiLarv 2 MR provided
≥ 80% adult emergence inhibition up to 36 wk of treatment (Table 4.1). At 2
discs/40 L dose and water replaced every 2 wk, the efficacy was not different
1

WHOPES (2016). WHOPES-recommended compounds and formulations for control of
mosquito larvae. Geneva: World Health Organization
(http://www.who.int/whopes/Mosquito_larvicides_March_2016.pdf, accessed 9 January 2017).
2
WHO (2011). Guidelines for drinking-water quality, 4th edition. Geneva: World Health
Organization (http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf,
accessed 9 January 2017).
3
WHO (2015). Pyriproxyfen. WHO specifications and evaluations for public health pesticides.
Geneva: World Health Organization (http://www.who.int/whopes/quality/newspecif/en/,
accessed 9 January 2017).
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(36 wk). In containers kept under direct sunlight, the effect lasted for 40 wk
(1 disc/40 L with 50% water replaced every 2 wk). Overall, SumiLarv 2 MR
was effective (≥ 80% emergence inhibition of adults) up to 36 wk irrespective
of the extent of water replacement in containers and exposure of treated
containers to direct sunlight.
Khammouane, Lao People’s Democratic Republic
In a non-WHOPES village level trial, effectiveness of SumiLarv 2 MR on
dengue vector control was carried out in an area endemic for dengue in the
Lao People’s Democratic Republic (Ohashi and Shono, 2015). The water
jars and water storage drums in one village (120 households; 679 population)
were treated at the target dosage of 1 disc/40 L and compared with
untreated containers in another village. The discs were replaced every 6
months. The treated containers were randomly examined for presence of
Aedes larvae and pupae until 18 months after initial treatment. Mosquito
larvae and pupae were collected and species of emerging adults identified.
At the end of 18 months of intervention, 21.6% jars (n = 51) and 6.7% of
other containers (n = 60) were positive for Ae. aegypti immatures in the
control village compared with 0% jars (n = 56) and 1.5% other containers (n
= 65) in the treatment village. During the initial period of intervention,
SumiLarv 2 MR discs were often discarded by the residents while cleaning
the containers, but the attrition rate declined significantly when the
community perceived the benefits of treatment on mosquito control.
Bang Bua Thong district, Thailand
Two separate studies were conducted in Bang Bua Thong district, Thailand.
In the first study, the efficacy of SumiLarv 2 MR against Ae. aegypti larvae
was evaluated under the simulated field conditions in ceramic jars (Thavara,
2016). The jars were filled with 40 L, 80 L and 160 L of dechlorinated tap
water and placed under the roof (Table 4.1). The jars were covered with lids
to minimize water evaporation and contamination with extraneous materials.
Five replicates each of the treatments and control were used. SumiLarv 2
MR was applied into experimental jars at the dosage of 1 disc per jar and
allowed to sink to the bottom. The water was allowed to settle and left
undisturbed for 1 wk. At each week post-treatment, the jars were opened
and water was stirred. After the water was allowed to settle, a sample of 400
mL water was collected from the upper part of the jars and divided into four
replicates of 100 mL each and poured into 200 mL glass beakers each. After
sampling, the water in each jar was stirred and 50% of the water was
removed and replenished with an equal quantity of dechlorinated water.
In two different sets of experiments, 20 and 25 third instar larvae of Ae.
aegypti were placed into each beaker containing treated or untreated water,
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respectively. Grounded up larval food was provided in beakers and they
were covered with nylon netting. Larval and pupal development, mortality in
adult mosquitoes and complete or incomplete emergence of adults in treated
or control jars were recorded daily and percentage of mortality and
emergence inhibition of adults were calculated. Larvae were released every
week for over a year.
In the first experiment, treatment of jars with SumiLarv 2 MR at 1 disc per
40 L, 80 L and 160 L of water caused larval mortality ranging from
53–77%, 59–62% and 25–52% initially for up to 5 wk respectively but
increased to ≥ 80% until 17, 17 and 13 wk, respectively. In the second
experiment, the emergence inhibition of adult mosquitoes was ≥ 80%
throughout the trial period of 53 wk in all the three types of treated
containers (Table 4.1).
In the second simulated field trial in Bang Bua Thong district of Thailand,
efficacy of SumiLarv 2 MR was evaluated in concrete and plastic containers
(Thavara, 2017). Both types of containers were filled with 40 L, 80 L and
160 L of dechlorinated tap water and treated at the dosage of 1 disc per
container (Table 4.2). Five replicates of concrete containers and six
replicates of plastic containers were treated with SumiLarv 2 MR along with
matching untreated controls. Containers were placed under the roof and
covered with a lid to minimize water evaporation and prevent debris. After
treatment, the water was allowed to settle for a week. In each week posttreatment, the water in each container was stirred. Cohorts of 25 third instar
laboratory reared Ae. aegypti larvae were released in the containers and
larval food was provided.
The adult mosquito emergence inhibition was assessed every week by
counting pupal skins in the treated and untreated control replicates in each
treatment arm. Before introducing the fresh cohort of larvae every week, any
alive larvae or pupae were removed from the containers. Water in each
container was stirred and 50% of the water was replaced with same quantity
of tap water.
Any dosage and duration inducing ≥ 80% emergence inhibition of adults was
considered to be effective. Treatment of concrete and plastic containers with
SumiLarv 2 MR at 1 disc per 40 L, 80 L or 160 L of water was found effective
in inducing > 80% emergence inhibition of adult Ae. aegypti throughout the
study period of 24 wk.
Penang, Malaysia
The residual efficacy of SumiLarv 2 MR was tested in a simulated field trial in
Penang, Malaysia against the susceptible third and early fourth instar larvae
of Ae. aegypti (Ahmad et al., 2014). The product was tested in earthen jars
of 50 L capacity (height 40 cm; top rim diameter of 48 cm; base diameter of
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30 cm) filled with 40 L dechlorinated water that was stored for 24 h.
SumiLarv 2 MR discs were applied in the jars and allowed to sink to the
bottom. Two different matrix release formulations of SumiLarv, i.e. F-6903
containing SumiLarv 2% w/w (SLV 2%) and F-6904 containing SumiLarv 3%
w/w (SLV 3%), were tested. SLV 2% was tested at 1 disc/40 L; and SLV 3%
at 0.5% and 1 disc/40 L (Table 4.2). The positive controls included
pyriproxyfen 0.5 GR, diflubenzuron 25 WP and temephos 1.1% GR. Jars
filled with 40 L plain dechlorinated water were used as untreated control. All
treatments were run in replicates of four. Treated and untreated jars were
covered with nylon cloth and plastic sheeting to reduce water evaporation
and left undisturbed for a week. Data loggers were used to monitor water
and air temperature as well as relative humidity.
The water samples were drawn at weekly intervals up to 66 wk from jars
treated with SLV 2% or SLV 3%; water from the other three treatments was
tested up to 27 wk only. Before each weekly sampling, water in the jars was
stirred using separate dippers or jugs to avoid cross-contamination. After the
water settled, samples of 800 mL of supernatant from each jar were taken;
400 mL of each of these were made into four replicates of 100 mL each into
glass beakers for larval bioassays. Remaining 400 mL water was retained in
o
glass beakers as backup and stored at below 5 C. Bioassays were carried
o
out on the day of sampling at room temperature (26 ± 2 C) and relative
humidity (60 ± 20%). After the sampling, water in each jar was stirred again
and 50% of it was replaced with clean acclimatized dechlorinated tap water.
Bioassays were performed by exposing 100 third and early fourth instar
larvae (25 larvae X 4 replicates) of laboratory strain of Ae. aegypti per
treatment or control. Beakers were covered with nylon netting pieces and
sufficient amounts of larval food were provided during the exposure period.
The number of dead and moribund larvae and pupae and adults with
complete or incomplete emergence were recorded daily. The Abbott’s
formula was used to correct the mortality values if the mortality in control
was between 5% and 10%. Tests were repeated if mortality in control was
found to be > 10% using the backup treated water samples.
Application of SLV 2% and SLV 3% at the dosage of 1 disc per 40 L of water
caused > 80% emergence inhibition of Ae. aegypti for 45 and 49 wk,
respectively. At the dose of 0.5 disc/40 L water, SLV 3% was found effective
up to 41 wk. Pyriproxyfen 0.5% GR, diflubenzuron 25 WP and temephos
1.1% GR inhibited > 80% adult emergence only up to wk 1, 5 and 15,
respectively, after which their efficacy declined below 80% until end of the
observation period of 66 wk.
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4.3

Efficacy – WHOPES supervised trials

4.3.1

Small-scale trials

Acapulco and Monterrey, Mexico
In a small-scale trial in Mexico, SumiLarv 2 MR was applied in ceramic pots
at 1 disc and 2 discs per 40 L in dechlorinated water and compared with the
treatment of pyriproxyfen 0.5% GR at 0.01 mg/L (Arredondo-Jiménez et al.,
2017). For each treatment arm, four replicates were run along with four
untreated control pots. Discs were allowed to sink to the bottom with convex
side up. Pots were covered with nylon netting and kept undisturbed for one
week. Water temperature and pH were recorded daily. Water was sampled
every week after stirring and allowing to settle for 5 min. From each pot, 20 L
water (50%) was removed and placed in separate buckets and replenished
with equal quantity (20 L) of dechlorinated water. A subsample of 400 mL of
treated and control water from each pot was divided equally into four
replicates and added to 250 mL glass beakers. As a backup, another 1 L
o
water was kept in glass/plastic bottles and stored at > 5 C.
For bioassays, 25 third instar Ae. aegypti larvae (Monterrey strain) were
placed into each beaker (100 larvae per treatment arm). Larval food was
mixed in water and added to each beaker. Beakers were covered with
netting pieces. Larval and pupal development was monitored daily. Dead
and moribund larvae, and pupae and adults emerging with complete or
partial development were recorded. Observation on larval development,
adult emergence and mortality was recorded up to 10 d. Bioassays were
carried out for 26 wk. Inhibition of emergence (% IE) was calculated as:
%IE = ((C - T)/C) x 100,
Where, C is the emergence rate in untreated control and T is the emergence
rate in the treated container at the same time interval.
Application of SumiLarv 2 MR at the dose of 1 disc and 2 discs per 40 L
water in ceramic pots caused effective inhibition of emergence of Ae. aegypti
for a period of 19 and 26 wk, respectively in comparison to treatment with
pyriproxyfen 0.5% GR, which was effective for a period of 11 wk (Table 4.3).
Chennai, India
The trial was carried out in Chennai city in India in plastic buckets kept under
the shade (Eapen et al., 2017). Sixteen plastic buckets were divided into
replicates of four each for the three treatment arms and an untreated control
arm. Buckets were filled with 40 L dechlorinated water covered with netting
cloth. Four buckets each were treated with SumiLarv 2 MR at 1 disc and 2
discs per 40 L each and pyriproxyfen 0.5% GR at 0.01 mg AI/L. Replicates
83

of four buckets filled with 40 L water were kept as untreated control. After
treatment, the buckets were covered with netting cloth and a lid to reduce
evaporation and prevent contamination with debris. The buckets were left
undisturbed for 1 wk. Water temperature and pH were recorded every week.
The water from each bucket was sampled every week in the morning and
bioassays were conducted on the same day. Covers were opened and the
water was stirred and then allowed to settle for 5 min. From each bucket, 20
L water was taken out and poured into separate buckets. A subsample of
400 mL was drawn from each bucket and divided into replicates of 100 mL
each for the larval bioassays. Another 1 L water was from each bucket was
o
drawn and stored separately at < 5 C. Water in each bucket was
replenished with 20 L of aerated dechlorinated water and the buckets again
covered with netting cloth and the lid.
Bioassays were performed at room temperature. A total of 25 third instar
laboratory reared Ae. aegypti larvae were placed gently into each test
beaker, i.e. 100 larvae per treatment arm. Larval and pupal mortality and
complete or incomplete emergence of adults were monitored daily. Moribund
larvae that were unable to make it to the surface were also considered as
dead. The inhibition of emergence of adults was calculated for each
treatment arm according to the formula explained in the previous trial in
Mexico.
SumiLarv 2 MR at 1 disc and 2 discs per 40 L water caused effective
inhibition (> 80%) of emergence of adult Ae. aegypti for a period of 40 wk
(Table 4.3), while pyriproxyfen 0.5% GR at 0.01 mg AI/L caused effective
inhibition of adults for 1 wk.

4.3.2

Large-scale field trials

Penang, Malaysia
SumiLarv 2 MR was tested in a large-scale field trial to evaluate its
immediate and residual efficacy in natural containers with breeding of Ae.
aegypti and Ae. albopictus (Ahmad et al., 2017). Two trial areas, namely
Kampung Terus (Kubang Semang, Penang) and Pasir Gebu (Penaga), with
tropical environments and representing suburban areas with typical Malay
village houses surrounded by paddy fields and thick vegetation were
selected. Common domestic mosquito breeding habitats included cement
tanks and minor containers (buckets, pans, pots), pools and elevated tanks.
Care was taken to select those container habitats which were likely to retain
water for the entire duration of the study. Thus, open water storage
containers (cement tanks, plastic barrels, earthen jars and buckets) were
selected and categorized as high use and low-to-medium use containers
(Table 4.4). In each of these high and low water use categories of
containers, 25 replicates each of plastic barrels, earthen jars and cement
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tanks were selected for three treatment arms. Buckets with < 20 L capacity
(categorized as low to medium use) in replicates of 50 were selected for
each of three treatment arms. SumiLarv 2 MR was applied at the dosage of
1 disc or 2 discs/40 L of water, while pyriproxyfen 0.5% GR was applied at
0.01 mg AI/L and used as a positive control. An equal number of containers
were kept as untreated control.
Pre-treatment abundance of mosquito immature stages (third, fourth instar
larvae and pupae) and pupal to adult emergence were recorded for all
containers. The number of live and dead larvae as well as pupae were
recorded at 48 h post-treatment and twice weekly thereafter until larval and
pupal densities and emergence rates in the treated habitats reached a level
comparable to that in control habitats. Larval and pupal densities were
monitored by taking five dips (four from the corners and one from the centre)
in each habitat. Sampled larvae were returned to the respective habitats
after counting. Pupae along with 100 mL water from the respective treated or
untreated containers were brought to laboratory for recording emergence
rates. Reduction in density of third and fourth instar larvae and inhibition of
adult emergence in comparison to untreated control were calculated to
determine the efficacy of SumiLarv 2 MR at both the dosage in comparison
to pyriproxyfen 0.5% GR. Monitoring was stopped when density reduction
and emergence inhibition in SumiLarv 2 MR treatment arms declined below
80% or emergence inhibition declined below 90% with 95% confidence
interval.
In low to medium use containers treated with SumiLarv 2 MR at 1 disc/40 L,
the inhibition of emergence remained > 80% from 1 to 19 wk. From wk 20 to
the end of the trial at wk 24, the percentage inhibition emergence dropped
below 80%. SumiLarv 2 MR at 2 discs/40 L caused > 98% inhibition of
emergence from 1 to 27 wk. At wk 28 to 30, the inhibition of emergence
dropped below 80% until the study was terminated at wk 30. Treatment of
containers with pyriproxyfen 0.5% GR at 0.01 mg AI/L caused > 80%
inhibition of emergence from wk 1 to wk 2 and it remained < 80% until the
end of the trial at wk 10. In high use containers, SumiLarv 2 MR applied at 1
disc/40 L caused > 80% inhibition of adult emergence from wk 1 to wk 18
and thereafter dropped and remained below 80% until the end of the trial
after wk 24. At the dose of 2 discs/40 L, SumiLarv 2 MR caused > 80%
inhibition of emergence up to wk 27 and thereafter it dropped below 80% till
the end of the trial at wk 30. Treatment with pyriproxyfen 0.5% GR was
effective (> 80% emergence inhibition) for 1 wk after which the efficacy
dropped < 80% until the end of the trial at wk 10 (Table 4.4).
Acapulco and Monterrey, Mexico
A large-scale trial was also carried out in Monterrey and Acapulco cities of
Mexico following the WHO guidelines and procedures (Arredondo-Jiménez
et al., 2017). Major household mosquito breeding habitats in both cities
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included those in high use (cement wash basins of 300–400 and drums of
about 200 L) and low-to-medium use small containers (up to 20 L) such as
plastic buckets, pans and pots. The major mosquito species breeding in
these habitats were Ae. aegypti, Ae. albopictus and Cx. quinquefasciatus.
For the trial, containers with predominance of Ae. aegypti breeding were
selected. SumiLarv 2 MR was applied at the rates of 1 and 2 discs per 40 L
water and compared with pyriproxyfen 0.5% GR at 0.01 mg AI/L along with
untreated control (Table 4.4).
Forty replicates each of the cement wash basins and drums, and 100
replicates each of the plastic buckets were treated with either SumiLarv 2
MR or pyriproxyfen 0.5% GR. The larval sampling was done at weekly
intervals from 25 randomly selected containers from the cohorts of wash
basins, drums and buckets in each treatment arm at each trial location to
avoid the Hawthorne effect. A total of five dips were taken from each
container. Larvae (instar wise) and pupae were counted. Pupal skins were
sampled and counted to determine mosquito adult emergence. Larvae were
put back into the respective containers after counting. Sampling was done
initially after 48 h and thereafter at weekly intervals for 26 wk. Inhibition of
adult emergence was estimated by holding 30 pupae per replicate in the
laboratory and reared in the water brought from the respective habitat.
Application of SumiLarv 2 MR at 1 or 2 discs per 40 L water caused effective
inhibition (> 80%) of emergence of adult Ae. aegypti for a period of 14–21 wk
and 16–24 wk, respectively. Application of pyriproxyfen 0.5% GR at 0.01 mg
AI/L was effective for a period of 1–16 wk in various containers.
Chennai, India
A large-scale trial was carried out in Chennai city, India based on the preadult abundance of the target vector mosquito, Ae. aegypti (Eapen et al.,
2017). The trial areas have residential houses having water storage
containers suitable for mosquito breeding. The perennial mosquito breeding
habitats were cemented tanks inside as well as outside the houses and
plastic barrels or drums.
All apartments and houses in the experimental area were checked for
storage containers and breeding potential of Ae. aegypti. After confirming
presence of Aedes breeding in > 25% containers and assessing the
suitability of carrying out the trial, the water storage containers were
enumerated. The objectives of the trial were explained to the households.
Informed consent was obtained for their participation in the trial and
extending continuous support and cooperation during inspection of
containers for periodical monitoring and sampling of mosquito immature
stages. Suitable containers were selected irrespective of their type, location
and presence of mosquito breeding. Water storage capacity of containers
was measured for calculating requirement of discs for application and
quantity of pyriproxyfen 0.5% GR. The selected containers were given code
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numbers using a permanent marker. Experimental and control habitats were
selected within the same area. Pre-treatment larval sampling was done a
week before the application to determine the larval and pupal density.
Households were advised not to remove the SumiLarv 2 MR discs as long
as the monitoring of their containers was continued by the investigating
teams.
A cohort of containers was assigned to either of the three trial arms:
SumiLarv 2 MR at 1 disc/40 L, pyriproxyfen 0.5% GR at 0.01 mg AI/L, and
untreated control. SumiLarv 2 MR discs were manually placed in the water
with convex side facing upwards. The quantity of pyriproxyfen 0.5% GR
required for the treatment of each container was weighed on an electronic
balance and applied manually. Observations were taken every week in a
random manner covering > 75% of the treated and control habitats. The
follow up included ascertaining the presence or absence of discs. Habitats
with discs found missing or discarded were excluded from further follow up.
The presence or absence of pupae and larvae was checked by visual
inspection and sampling with larval dippers of 250 mL capacity. Pupae were
counted in the field and brought to the laboratory. If pupae were absent, third
and fourth instar larvae were collected and brought to the laboratory.
Larval and pupal samples collected from the treated and untreated control
habitats were transferred into 250 mL plastic bowls containing water from the
respective habitats and labelled. All the bowls were covered with netting
cloth to prevent oviposition and escape of emerging adults. Larval food was
provided to third and fourth instar larvae on d 2 of collection. Development of
larvae and pupae was monitored to check the emergence rate, emergence
inhibition, pupae–adult mosaic and pupal mortality. Water temperature and
pH of the habitats were recorded. After completion of the follow up work in
each house, the households were apprised of the status and reminded again
to retain the discs without any disturbance. Similarly, control habitats were
also monitored weekly to check the breeding status and, if found breeding
with Ae. aegypti, the pupae were scored and brought to the laboratory for
rearing.
Application of SumiLarv 2 MR at 1 disc/40 L caused > 80% inhibition of
emergence of adult Ae. aegypti from wk 1 until wk 16 (Table 4.4). The
inhibition of emergence was 100% indicating the effectiveness of SumiLarv 2
MR at 1 disc/40 L of water. Application of pyriproxyfen 0.5% GR at 0.01 mg
AI/L did not achieve > 80% inhibition of emergence of adults and it was only
32–53% from 1 to 3 wk.
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4.4

Conclusions and recommendations

SumiLarv 2 MR is a matrix release formulation manufactured by Sumitomo
Chemical Co. Ltd., Japan. It contains 2% pyriproxyfen (20 g AI/kg w/w), an
insect growth regulator, incorporated into a 2 g plastic disc. The
manufacturer’s label recommendation is to place one disk for every 40 L
water in containers for control of Aedes species. The plastic discs sink to the
bottom of the containers and are expected to slowly release pyriproxyfen
from their matrix to provide a long duration of efficacy with frequent water
changes. When cleaning empty containers, the discs are required to be
temporarily kept out of the water in the shade, and should be put back into
the containers after refilling with water with convex side facing upwards.
Two non-WHOPES simulated (Phase II) trials, one each in the United
Republic of Tanzania and Thailand, were reviewed on the basis of technical
reports provided by the manufacturer. In the United Republic of Tanzania,
SumiLarv 2 MR caused effective inhibition of emergence (> 80%) of Ae.
aegypti for a period of 36 wk post-treatment at dosages of 0.5 disc, 1 disc
and 2 discs/40 L water and after replacing either half the volume of treated
water in containers every 2 wk or full volume of water every week. In
Thailand, application of 1 disc of SumiLarv 2 MR in ceramic jars filled with 40,
80 and 160 L water caused > 80% emergence inhibition of Ae. aegypti for 53
wk. In another trial in Thailand, treatment of concrete and plastic containers
of 40, 80 and 160 L at the dose of 1 disc per container caused > 80%
emergence inhibition up to 24 wk.
In a non-WHOPES simulated trial (Phase II) in Malaysia, ceramic or earthen
jars were treated with either F-6903 (SumiLarv 2% MR = SumiLarv 2 MR) at
1 disc per 40 L or F-6904 (SumiLarv 3% MR) at 0.5 and 1 disc/40 L. Both the
treatments caused > 80% emergence inhibition of Ae. aegypti for a period of
41–49 wk. Treatments with pyriproxyfen 0.5% GR (0.01 mg AI/L),
diflubenzuron 25 WP (0.25 mg AI/L) and temephos 1.1% GR (1 mg AI/L)
were effective (> 80% emergence inhibition) for 1, 5 and 15 wk, respectively.
In a WHOPES supervised small-scale trial in Mexico, application of
SumiLarv 2 MR at the dosage of 1 or 2 discs per 40 L water in ceramic jars
caused effective emergence inhibition of Ae. aegypti for 19 and 26 wk,
respectively compared with 11 wk efficacy with pyriproxyfen 0.5% GR
applied at 0.01 mg AI/L.
In a simulated (Phase II) trial in India, SumiLarv 2 MR applied at 1 or 2
discs/40 L water in plastic buckets gave effective control (> 80% emergence
inhibition) Ae. aegypti larvae for a period of 40 wk compared with only 1 wk
efficacy with pyriproxyfen applied at 0.01 mg AI/L.
Three WHOPES supervised large-scale (Phase III) trials in natural
containers were carried out, one each in Malaysia, Mexico and India. In the
trial in Malaysia, SumiLarv 2 MR applied at 1 or 2 discs per 40 L water in
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high and low-to-medium use containers such as plastic barrels, earthen jars,
cement tanks and buckets caused effective emergence inhibition of Ae.
aegypti respectively for 18–19 wk and 27 wk. Pyriproxyfen 0.5% GR applied
at 0.01 mg AI/L was effective for 1–2 wk.
In the large-scale trial in Mexico, SumiLarv 2 MR applied at 1 or 2 discs/40 L
water in cement wash basins, drums and plastic buckets gave effective
emergence inhibition (> 80% emergence inhibition) for 14–21 wk and 16–24
wk, respectively in comparison to 1–16 wk with pyriproxyfen 0.5% GR
applied at 0.01 mg AI/L.
In the large-scale trial in India, SumiLarv 2 MR at 1 disc/40 L caused
effective emergence inhibition of adult Ae. aegypti in cemented tanks and
plastic barrels up to 16 wk. Application of pyriproxyfen 0.5% GR at 0.01 mg
AI/L did not give effective control as adult emergence inhibition was 32–53%
from wk 1 to wk 3.
It was reported in the trial in the Lao People’s Democratic Republic that
SumiLarv 2 MR discs applied in the water containers were often discarded
by the residents during routine cleaning of the containers. However, the
attrition rate declined significantly as the community gradually realized the
efficacy of the product in mosquito control.
Considering the safety and efficacy of SumiLarv 2 MR, the 20th WHOPES
Working Group meeting recommended:
•

the use of SumiLarv 2 MR, a matrix release formulation of
pyriproxyfen containing 2% (20g AI/kg w/w) pyriproxyfen, an insect
growth regulator, in containers of various types at the dosage of 1
disc per 40 L of water with the expected duration of residual efficacy
(≥ 80% adult emergence inhibition) of 14–19 wk for the control of
Aedes spp., the vectors of dengue, chikungunya and Zika virus
disease; and

•

that communities should be sensitized before large-scale
introduction of SumiLarv 2 MR in water storage containers to ensure
high retention of the discs during the cleaning and refilling of
containers in the routine use.

The meeting also recommended:
•

that the national authorities and procurement agencies must ensure
that the SumiLarv 2 MR complies with WHO specifications of the
product as recommended by the Organization according to the
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quality control procedures outlined in the Guidelines for procuring
1
public health pesticides.

Note: WHO recommendations on the use of pesticides in public health
are valid ONLY if linked to WHO specifications for their quality control.

1

WHO (2012). Guidelines for procuring public health pesticides. Geneva: World Health
Organization (http://whqlibdoc.who.int/publications/2012/9789241503426_eng.pdf, accessed
July 2017).
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Ceramic
water jars

Bang Bua
Thong
district,
Thailand

CI, confidence interval

Plastic
containers

Concrete
containers

Plastic
buckets

Habitat

Kisongo,
Tanzania

Site

25
25
25

80L

160L

25

160L

40L

25

80L

20

160L
25

20

80L

40L

20

40L

6

6

6

5

5

5

5

5

5
53
(93–100%)
53
(81.6–100%)
53
(91.2–100%)
24
(98.4–100%)
24
(94–100%)
24
(91.2–100%)
24
(97.3–100%)
24
(93.3–100%)
24
(100%)

Volume No. of 3rd/
No. of
Duration in weeks of effective emergence inhibition (≥ 80%) of mosquito
of
early 4th replicates
adults (mean mortality and 95% CI or range)
water
instars
50% water replaced every 2 wk
Full water replaced every wk
exposed
0.5 disc
1 disc
2 discs
1 disc
40L
20
6
36
36
36
36
95%
100%
91.6%
98.9%
(CI: 87.8–103.8)
(CI: 80–103.2)
(CI: 96.2–101.7)

Table 4.1 Non-WHOPES supervised small-scale trials of SumiLarv 2 MR against larvae of Aedes aegypti
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SumiLarv 2 MR

Plastic
containers

40

Pyriproxyfen 0.5% GR
Diflubenzuron 25 WP

Temephos 1.1% GR

Volume
of
water
(L)
40
80
160
40
80
160
40
80
160
40
40
40
40
40

F-6904 (SLV 3%)

F-6903 (SLV 2%)a

SumiLarv 2 MR

Concrete
containers

Ceramic/
earthen
jars

SumiLarv 2 MR

Insecticide
formulation

Ceramic
jars

Habitat

EI, emergence inhibition
Prototype of SumiLarv 2 MR

a

Penang,
Malaysia

Bang Bua
Thong
district,
Thailand

Site

1 mg AI/L

0.5 disc
1 disc
0.01 mg AI/L
0.25 mg AI/L

1 disc
1 disc
1 disc
1 disc
1 disc
1 disc
1 disc
1 disc
1 disc
1 disc

Dosage

4

4
4
4
4

5
5
5
6
6
6
5
5
5
4

No. of
replicates

100

100
100
100
100

100
100
100
150
150
150
125
125
125
100

No. of
larvae
exposed

15

41
49
1
5

Effective
EI
(≥ 80%) in
weeks
53
53
53
24
24
24
24
24
24
45

Table 4.2 Non-WHOPES supervised small-scale field trials of SumiLarv 2 MR in container habitats against larvae of Aedes
aegypti
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Plastic
buckets

Ceramic
pots

Habitat

Pyriproxyfen 0.5% GR

SumiLarv 2 MR

Pyriproxyfen 0.5% GR

SumiLarv 2 MR

Insecticide
formulation

AI, active ingredient; EI, emergence inhibition

Monterrey
and
Acapulco,
Mexico
Chennai,
India

Site

40
40
40

Volume
of
water
(L)
40
40
40
1 disc
2 discs
0.01 mg AI/L

1 disc
2 discs
0.01 mg AI/L

Dosage

4
4
4

4
4
4

No. of
replicates

100
100
100

Number
of
larvae
exposed
100
100
100

40
40
1

19
26
11

Effective EI
(≥ 80%) in
weeks

Table 4.3 WHOPES supervised small-scale field trials of SumiLarv 2 MR in container habitats for control of Aedes aegypti
larvae
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Location

Malaysia Kampung
Terus,
Kubang
Semang,
Penang
and Pasir
Gebu,
Penaga

Site

Low to
medium
use

High use

Container
use
practices

Plastic
barrels
Earthen
jars
Cement
tanks
Plastic
barrels
Earthen
jars
Cement
tanks
Bucket

Container
type

25
25

40–200
40–200

25

300–
400
25

25

40–200

40–200

25

25

40–200

40–200

Volume
No. of
of water replicates
(L)
per
treatment

19

19

19

18

18

18

18

27

27

27

27

27

27

27

Contd …/…

2

2

2

1

1

1

1

Duration (in weeks) of efficacy (≥
80% emergence inhibition of adult
mosquitoes)
SumiLarv
SumiLarv
Pyriproxyfen
2 MR
2 MR
0.5% GR
(1
(2
(0.01 mg
disc/40 L) discs/40 L)
AI/L)

Table 4.4 WHOPES Phase III (large-scale) evaluation of SumiLarv 2 MR against breeding of Aedes spp. in natural container
habitats
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c

Chennai

Acapulco

Monterrey

Cement
wash basin
Drums
Plastic
buckets
Plastic
buckets
Cement
tanks/
plastic
barrels

Container Container
use
type
practices

90–500

< 20

20

300–
400
200

16c

b

210

15

An additional 176 containers were treated with SumiLarv 2 MR after wk 3
The trial was terminated due to an increased risk of dengue outbreak in adjoining areas.

b

14–20

15

15–21

SumiLarv
2 MR
(1
disc/40 L)

ND

2–24

16

24

24

SumiLarv
2 MR
(2
discs/40 L)

0

2–11

7

16

1–7

Pyriproxyfen
0.5% GR
(0.01 mg
AI/L)

Duration (in weeks) of efficacy (≥
80% emergence inhibition of adult
mosquitoes)

100

100

40

40

Volume
No. of
of water replicates
(L)
per
treatment

ND, not determined
a
In Mexico, 25 randomly selected containers of each type were monitored at weekly intervals.

India

Acapulco

Mexicoa

Monterrey

Location

Site

Table 4.4 Contd …/…

RE-EVALUATION OF CHLORFENAPYR 240 SC

5.

Chlorfenapyr 240 SC is a suspension concentrate formulation containing
240 g of active ingredient per litre. The product is manufactured by BASF
Germany for indoor residual spraying (IRS) against malaria vectors.
The safety assessment for the use of chlorfenapyr 240 SC for use in the
prevention and control of malaria was published as part of the report of the
1
16th meeting of the WHOPES Working Group in 2013. In this report, based
on cone bioassays, an estimate of the duration of effective action of
chlorfenapyr on different surfaces at 150 and 250 mg AI/m² doses was
reported to be 0–4 and 0–9 wk, respectively against malaria vectors.
Furthermore, no deterrent effect of chlorfenapyr was observed on free flying
2
An. gambiae in an experimental hut sudy in Benin (Bouriama et al., 2012).
Chlorfenapyr sprayed at 150 and 250 mg AI/m² resulted in low to moderate
blood-feeding inhibition. Mortality of wild pyrethroid-resistant An. gambiae s.l.
was higher in the chlorfenapyr applications at 250 mg AI/m² than that of
deltamethrin applied at 25 mg AI/m², but similar to that of bendiocarb at 400
mg AI/m².
Further data were presented by BASF based on which chlorfenapyr 240 SC
3
was re-assessed in 2014 by the 17th WHOPES Working Group meeting in
2014, which recommended:
•

that considering the potential efficacy of chlorfenapyr to kill
pyrethroid-resistant Anopheles, further evidence be gathered in
Phase II to assess the efficacy of indoor residual application of
chlorfenapyr 240 SC against malaria vectors, following the WHO
guidelines for IRS; and

•

that the trials should be conducted at a minimum of three study sites,
the applied doses should comply with target doses, the vectors are
susceptible to chlorfenapyr, and use should be made of appropriate
positive controls (i.e. WHO-recommended insecticides for IRS) to
which local vectors are susceptible (control 1) and resistant (control
2). If, in a specific situation, local vectors are not susceptible to the
positive controls, in at least the two other study sites the local
vectors should be susceptible to the positive controls.

1

Report of the sixteenth WHOPES working group meeting: WHO/HQ, Geneva, 22-30 July 2013
(http://www.who.int/iris/bitstream/10665/90976/1/9789241506304_eng.pdf, accessed July 2017).
Bouriama A et al. (2012). Field evaluation of a chlorfenapyr suspension concentrate (240 g/L)
from BASF© against natural populations of Anopheles gambiae in experimental huts, Benin.
[Unpublished report to the WHO Pesticide Evaluation Scheme; DOC/IRD/ABC/02/2012].
3
Report of the seventeenth WHOPES working group meeting: WHO/HQ, Geneva, 15-19
September 2014 (http://apps.who.int/iris/bitstream/10665/137514/1/9789241508032_eng.pdf,
accessed July 2017).
2

96

5.1

Efficacy – dataset submitted by the manufacturer

BASF provided to WHOPES a consolidated dataset supporting the use of
chlorfenapyr in IRS (Austin et al., 2016). The report included data from the
following six experimental hut studies on various mosquito species, the first
five of which were newly presented by BASF while the fifth one (Burkina
Faso, 2013) had earlier been reviewed by the 17th WHOPES Working
Group but was revisited for comparison:
•
•
•
•
•

Benin (two studies in 2015)
United Republic of Tanzania (2014)
Nigeria (2014)
Burkina Faso (2015)
Burkina Faso (2013)

One of the two studies in Benin was not taken into consideration for
evaluation by the 20th WHOPES Working Group because no filter papers
were collected for chemical analysis according to the WHO IRS guidelines.
On request of the WHOPES meeting, additional information and
clarifications were provided by BASF. The report submitted by BASF in 2014
1
for assessment by the 17th WHOPES Working Group meeting was also
reinterpreted in light of the new data from an experimental hut study in
Burkina Faso in 2015 that was included in the above referred BASF report of
2016.

5.2

Small-scale field trials

Cové, Benin (2015)
An experimental hut trial was conducted at the field station of Cové close to
the rice fields near Cotonou.
The local vector population in Cové is resistant to pyrethroids and DDT and
consists of a mixture of An. colluzii and An. gambiae s.s., with the latter
occurring at lower proportions (23%) and only in the dry season. Molecular
analysis revealed a L1014F kdr allele frequency of 89%. From microarray
studies, the cytochrome gene CYP6P3, producing P450 enzymes
2
metabolizer of pyrethroids, was overexpressed in Cové. The Cové An.
gambiae s.l. population was highly resistant to alpha-cypermethrin in CDC

1

Austin J et al. (2014). Supporting data for the usage of chlorfenapyr in
IRS – consolidated data set. [Unpublished report submitted by
BASF to the WHO Pesticide Evaluation Scheme and reviewed by the 17th WHOPES working
group meeting: WHO/HQ, Geneva, 15–19 September 2014].
2
Ngufor C et al. (2015). Insecticide resistance profile of Anopheles gambiae from a
phase II field trial in Cové, southern Benin: implications for the evaluation of
novel vector control products. Malaria J. 14:464. doi:10.1186/s12936-015-0981.
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bottle bioassay and the strength of the resistance was 200-fold (RR50 95%
CI: 120.3–315.8; LD50 Cové: 0.083; LD50 Kisumu: 0.0004).
For the field trial the following treatments were applied in huts:
Hut 1: alpha-cypermethrin (Tagros 10% SC) applied at
25 mg AI/m²
Huts 2, 3 and 5: chlorfenapyr (BASF Phantom 21.45% SC)
applied at 250 mg AI/m²
Hut 4: chlorfenapyr 250 mg/m² + alpha-cypermethrin
25 mg/m² mixture
Hut 6: control (untreated polyester net with six deliberate holes)
To reduce the impact of hut position on the performance of chlorfenapyr,
three different huts were treated with chlorfenapyr alone (250 mg AI/m²).
Only one chlorfenapyr treated hut was used for mosquito collection at a
given time. Each chlorfenapyr treated huts was used every 3 wk.
The mean insecticide content applied was between 84% and 93% of the
target dose for chlorfenapyr (250 mg AI/m²) and 80–84% for alpha2
cypermethrin (25 mg AI/m ), which showed a correct application of the
treatments (Table 5.1).
There was no evidence of a deterrent effect in the hut treated with alphacypermethrin alone or with mixture with chlorfenapyr. Chlorfenapyr alone
induced around 12% deterrence. Mosquito exit rates were very high across
all the treatments especially with alpha-cypermethrin (99%) and to a lesser
extent with chlorfenapyr (72–94%). Blood-feeding rates were very high
across all the insecticide treatments (83–99%), hence there was no evidence
of blood-feeding inhibition with any of these treatments (control: 58–86%)
(Table 5.2).
Mortality (24 h and 72 h holding period) with alpha-cypermethrin IRS did not
differ from the control (e.g. 2–7% for 72 h holding period) (Table 5.3). The
highest induced mortality was achieved with chlorfenapyr IRS (57–69% for
72 h holding period). Interestingly, mortality rates were lower with the mixture
(31–47% for 72 h holding period) compared to the chlorfenapyr alone spray.
Mortality rates with in situ cone bioassays on treated walls were performed
fortnightly with the susceptible An. gambiae Kisumu strain and a laboratoryreared pyrethroid resistant An. gambiae Cové strain. Overall, the data
showed a steady decline in residual efficacy against both strains. Mortality
rates for the Kisumu strain were consistently higher with alpha-cypermethrin
and the mixture than with chlorfenapyr alone on d 1 and in subsequent
weeks. However, an important decrease of mortality was observed with
alpha-cypermethrin by wk 2 (< 80%). Cone bioassays with the resistant
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Cové strain showed similar results for chlorfenapyr IRS as observed with the
Kisumu strain.
Moshi, United Republic of Tanzania (2014)
The study was conducted in four East African design experimental huts at
the field station of Pasua near Moshi, United Republic of Tanzania. The
inner wall of the experimental huts as well as the ceiling were re-plastered
with cement.
There were four treatment arms:
Hut 1: untreated control
Hut 2: IRS with alpha-cypermethrin at 30 mg AI/m²
Hut 3: IRS with chlorfenapyr at 250 mg AI/m²
2
Hut 4: IRS with chlorfenapyr at 250 mg AI/m + alpha-cypermethrin
at 30 mg AI/m²
For this study, four cows were used instead of human sleepers as they
attract An. arabiensis more readily at the study site than human sleepers.
The cows were penned inside an open-sided ‘cow frame’ in each hut, which
prevented them from making contact with the treated concrete walls but still
allowed free access for the mosquitoes to the host blood meal. The cows
were fitted with nappies to prevent faeces from contaminating the hut floors
on a daily basis. For similar reasons, a blanket was put down on the floor
underneath the cow frame to soak up any urine. Both blankets and nappies
were washed daily. To control for individual attractiveness to mosquitoes, the
cows were rotated daily between the huts. All cows were in held in position
in the huts by 18:00. Once mosquitoes were removed from each hut each
morning, the cows were removed from the huts, their nappies removed and
the cows allowed to graze nearby.
Chemical analysis of the filter papers to assess the quality of the spraying
showed that the target doses were almost reached (ratio of applied/target
dose: 0.89–1.26) (Table 5.1).
Collection of free-flying mosquitoes that entered the huts was done during 7
wk. The wild An. arabiensis are resistant to permethrin but only moderately
resistant to alpha-cypermethrin (WHO tube test: 71% mortality).
No differences were seen between the different treatments for deterrency
and exophily. Blood-feeding inhibition for the 7 wk of observations was
between 20% for chlorfenapyr and 18% for alpha-cypermethrin (Table 5.2).
Mortality in the chlorfenapyr (alone or in combination) treated huts increased
with the holding time (24 h, 48 h, 72 h) while this was not the case for alphacypermethrin alone. During the first month, alpha-cypermethrin induced the
highest mortality with 85% (72 h holding time); and was higher from the one
observed in the chlorfenapyr treated hut (56%) (Table 5.3). The mixture of
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chlorfenapyr and alpha-cypermethrin performed as well as the chlorfenapyr
treatment alone during the first month but declined significantly during the
second month (32%).
To measure residual action, cone bioassays were done each week at night
(from 20:00) using wild F1 generation An. arabiensis at 4 positions within
each hut during the hut trial period. After the trial, fortnightly cone tests were
done during an additional 2 months. Four exposure periods were used in
cone tests for the chlorfenapyr and control treatments: 30 min, 1 h, 4 h and
12 h (overnight).
Mortality with chlorfenapyr remained almost stable during the first 3 months
(between 20 and 40% at 1 h exposure and 72 h holding period). There was
a marked decline in mortality between month 3 and month 4 for chlorfenapyr.
In month 4, even a 12 h exposure did not induce mortality much above 20%.
A clear trend in increased mortality of chlorfenapyr with increasing exposure
time was seen in all months except month 4. Similarly, increased mortality
with increased exposure time was observed with alpha-cypermethrin. In the
alpha-cypermethrin treatment, a gradual decrease of mortality was observed
each month. On month 4, mortality was higher in the alpha-cypermethrin
treated hut compared to the chlorfenapyr treated one. A gradual decrease of
mortality over time was also observed for the mixture treatment.
Mortality rates (72 h holding period) of free-flying mosquitoes collected in the
hut were higher than the mortality rates observed with the in situ cone
bioassays (until 4 h exposure time).
Vallée du Kou, Burkina Faso (2015)
An experimental hut study was conducted at the field station of Vallée du
Kou, an irrigated rice field area developed in 1970 in Burkina Faso.
Mosquitoes are found year round but the peak density is observed in
August to September during the rainy season. An. coluzzii is predominant
throughout the year and is highly resistant to pyrethroids and DDT (kdr
frequency: 0.8–0.95) and a rise in ace-1
1
frequency is also observed (Dabire et al., 2009a,b; Namountougou et al.,
2
2012 ).
For the field trial the following treatments were applied:

1
Dabiré KR et al. (2009a). Distribution of pyrethroid and DDT resistance and the L1014F kdr
mutation in Anopheles gambiae s.l. from Burkina Faso (West Africa). Trans Royal Soc Trop
Med Hyg. 103:1113–1120.

Dabiré KR et al. (2009b). Distribution of insensitive acetylcholinesterase (Ace-1R) in Anopheles
gambiae s.l. populations from Burkina Faso (West Africa). Trop Med Int Health. 14(4):396–403.
2

Namountougou M et al. (2012) Multiple insecticide resistance in Anopheles gambiae s.l.
populations from Burkina Faso, West Africa. PLoS ONE. 7(11):e48412.
https://doi.org/10.1371/journal.pone.0048412.
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Hut 2: control (no spraying)
Hut 1: IRS with chlorfenapyr SC 240 g/L at 250 mg AI/m²
Hut 9: IRS with chlorfenapyr SC 240 g/L at 250 mg AI/m²
Hut 8: IRS with alpha-cypermethrin at 30 mg AI/m²
Hut 10: IRS with bendiocarb at 400 mg AI/m²
The trial was conducted for 18 wk (27 July–20 November 2015). The walls
were re-plastered with cement before the spraying.
The chemical analysis of the filter papers collected to measure quality of
spray (dosage applied) showed that the target insecticide doses were almost
achieved with a ratio of the average amount of applied to the target dose
between 0.8 and 1.4 (Table 5.1). The relative standard deviation (RSD) of
the insecticide content on filter papers in one hut each ranged from 28% to
55%.
No deterrent effect was observed except with bendiocarb during the first 3
months after IRS (25–41%). Proportion of mosquitoes exiting the main
room to the veranda trap was quite low and ranged from 25% to 34% in the
untreated hut to 33–45% in the alpha-cypermethrin treated hut. The lowest
exiting rate was observed from bendiocarb hut during the first 2 months
(16–23%). Blood-feeding rate was high in the control hut (> 80%) hence
leading to a marginal blood-feeding inhibition (0–32%) in treated huts
(Table 5.2).
Bendiocarb (400 mg/m²) produced highest mortality (24 h and 72 h holding
time) in the first 3 months of treatment i.e. > 80% mortality during months 1
and 2 and 47% in month 3 (Table 5.3). Throughout the trial, mortality with
alpha-cypermethrin was similar to control. Chlorfenapyr produced about
half of the mortality caused by bendiocarb at month 1 (44–49% for
chlorfenapyr versus 94% for bendiocarb after 24 h holding period; 46-52%
and 94% after 72 h holding period, respectively). In subsequent months,
mortality by chlorfenapyr slightly decreased (30–32% for 24 h and 31–35%
for 72 h holding period at month 4). In the fifth month, mortality was < 20%
(with 24 h and 72 h holding time) for all treatments. No substantial
difference in mortality was observed between the two holding periods (24 h,
72 h) across all months and treatments.
Cone bioassays in situ on treated walls were conducted monthly up to 4
months after spraying. Fully susceptible An. gambiae Kisumu strain and
wild pyrethroid-resistant An. gambiae s.l. were used. The 2 h and 4 h
exposure times were used and mortality assessed after 72 h. Mortality rate
in untreated control hut with both An. gambiae Kisumu strain and the
field collected An. coluzzii was < 20% (2 h and 4 h exposure).
Full mortality in An. gambiae Kisumu strain was observed with alphacypermethrin over 4 months of the trial for both 2 h and 4 h exposures.
Bendiocarb was fully effective against Kisumu strain with 100% mortality
on d 1 after treatment, which dropped to 50% ( 2 h e x p o s u r e ) o n e
month after treatment. Mortality in chlorfenapyr hut fluctuated over time (5 to
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< 70% after 2 h exposure; > 20% to < 80% after 4 h exposure) during the 4
months with the Kisumu strain. Using field-collected An. gambiae s.l.,
mortality remained < 40% for all treatments except for bendiocarb with a
mortality of > 80% (2 h exposure) for the first month only.
1

In a similar experimental hut trial in Burkina Faso in 2013 (WHO, 2014 ),
chlorfenapyr was applied with high doses (ratio applied/target dose 2.3) i.e.
the chemical analysis of the filter papers showed a dose of 355 and 563
mg/m² of chlorfenapyr against the target doses of 150 and 250 mg/m² (Table
5.1). Hence the trial was repeated in Burkina Faso in 2015 with acceptable
doses. Revisiting the data of mortality rates on the wild free-flying An.
gambiae from the hut trial of 2013 in comparison with the trial of 2015
demonstrates similar performance of chlorfenapyr regardless of the dose
applied (Table 5.3).
Kainji, Nigeria (2014)
An experimental hut study was conducted at the field station in Kainji
operated by the Nigerian Institute of Medical Research.
The field population of An. gambiae s.s. (FAP) was susceptible to
bendiocarb (100% mortality) but resistant to alpha-cypermethrin (85%
mortality) using the WHO tube test. In CDC bottle bioassays (12.5 µg/bottle;
1 h exposure, 24 h holding period) the first concentration of chlorfenapyr
killing 100% of the susceptible mosquitoes (An. gambiae Kisumu strain) was
0.016% and was adopted as the diagnostic concentration. The CDC bottle
assays of the wild An. gambiae s.s. (FAP) showed resistance against alphacypermethrin (at 12.5 µg/bottle – 88% mortality after 1 h exposure) but
susceptibility against bendiocarb (at 12.5 µg/bottle) and chlorfenapyr (at
0.016%).
The inner walls of the experimental huts and the walls of the
veranda were re-plastered with cement. To confirm that there
contamination on the walls, cone bioassays using a total of 50 An.
Kisumu females per hut were conducted on the new walls, ceiling
and veranda screens.

attached
was no
gambiae
surfaces

Six experimental huts were used:
Hut 1: treated with chlorfenapyr at 250 mg AI/m²
Hut 2: treated with bendiocarb at 400 mg AI/m²
Hut 3: treated with alpha-cypermethrin at 30 mg AI/m²
Hut 4: used as control (untreated)
Hut 5: treated with bendiocarb at 400 mg AI/m²
Hut 6: treated with chlorfenapyr at 250 mg AI/m²

1

WHO (2014). Report of the seventeenth WHOPES working group meeting: WHO/HQ, Geneva,
15–19 September 2014. Geneva: World Health Organization
(http://apps.who.int/iris/bitstream/10665/137514/1/9789241508032_eng.pdf).
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Sleepers were rotated each night among the huts according to a Latin
square design. In 42 nights (7 d/month x 6 months) 5813 female mosquitoes
were collected. Anopheles and Culex spp. constituted 78.0% and 11.5% of
the total collection, respectively. The remaining were either Aedes or
Mansoni spp. Each monthly collection was predominated by Anopheles
mosquitoes of which An. gambiae s.l. was the major species (> 90%).
The chemical analysis of filter papers (three per hut) collected from treated
huts to monitor spray quality showed the target dose had exceeded in both
the huts sprayed with chlorfenapyr (applied/target dose ratio: 2.74 and 2.78)
with a relative standard deviation (RSD) among the filter-papers of around
8%. For the alpha-cypermethrin treated hut, the ratio was 1.4 (RSD 39%)
and for the two bendiocarb treated huts the ratio was 1.5 and 1.2 (RSD 34%
and 83%) (Table 5.1).
Statistical analyses on experimental hut data for proportional outcomes
(blood-feeding, exiting and mortality rates) were found to be not appropriate
as a Poisson distribution was used that can be used for count data only.
Data from experimental hut trials did not show reduction in the number of
mosquitoes entering huts sprayed with chlorfenapyr compared with either
alpha-cypermethrin or bendiocarb sprayed in huts over the 6 months.
Blood-feeding rate was higher in the control hut (30–71%) over a 23 wk
period compared to the rates in treated huts during the same periods
(Table 5.2). During the first week, blood-feeding was lower in the
chlorfenapyr sprayed huts (4–6%) compared to bendiocarb (12–32%) and
alpha-cypermethrin (24%) treated huts. In the first and second months (wk
5–9), blood-feeding rates were similar in the chlorfenapyr (5–9%) and
bendiocarb (5–8%) treated huts but slightly lower than for the alphacypermethrin treated hut (11–13%). During 4–6 months (wk 16–23) of
spraying, blood-feeding for Anopheles remained lower in the chlorfenapyr
treated huts compared to bendiocarb and alphacypermethrin huts.
Chlorfenapyr at the target dose of 250 mg AI/m² (actual doses were ≥ 2.5
times higher though) killed after 72 h holding time a significantly higher
proportion of wild Anopheles compared with alpha-cypermethrin but its
killing effect was almost similar to bendiocarb at wk 1, 5 and 9 (Table 5.3).
Chlorfenapyr induced mortality was consistent, with an average o f 8 0 % ,
8 2 % a n d 6 8 % mortality at wk 1, 5 and 9, respectively. Mortality in
chlorfenapyr treated huts remained above 50% for 6 months (up to wk 23)
showing no important differences between wk 9 and 23 following spray in
huts. The killing activity of alpha-cypermethrin and bendiocarb declined
below 50% after 2 and 3 months, respectively.
For cone bioassays done in situ on the sprayed surface, different exposure
periods (30 min and 1, 2 and 3 h) and holding periods (24 and 48 h) were
used. During the first month after spraying using the standard WHO cone
test method (30 min exposure, 24 h holding time), 100% mortality of
susceptible mosquitoes (Kisumu strain) was observed for bendiocarb and
alpha-cypermethrin, but only 75% for chlorfenapyr. Using the wild pyrethroid
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resistant field An. gambiae s.l. (FAP) mortality was 95% for bendiocarb, 63%
for alpha-cypermethrin and 48% for chlorfenapyr.
With extended exposure (2 h) in cone bioassays on chlorfenapyr treated
surface and extended holding times (48 h), mortality in the Kisumu
susceptible strain reached maximum values. In these conditions mortality
remained above 80% during 6 months while the 80% mortality threshold on
bendiocarb and alpha-cypermethrin did not extent beyond the fourth month.
Bioassay results are given in Figure 5.1 for various exposure times and 48 h
holding period using the wild pyrethroid resistant An. gambiae s.l. (FAP).
Tests beyond the fourth month could not be carried out due to nonavailability of the mosquitoes during the dry season. Mortality with
chlorfenapyr remained above 80% during the 4 months observation period
while it decreased below 80% after 1 month with bendiocarb and the alphacypermethrin treatment. Using both mosquito strains in night bioassays
(August and November) did not yield significant difference when compared
to day-time exposure.
The standard WHO cone test (30 min exposure, 24 h holding time) does not
reflect mortalities observed in free-flying mosquitoes (Table 5.2). However,
the aim of the cone test is to estimate the residual activity and thereby
bioavailability of the insecticide on treated surfaces over time using
susceptible mosquito strains.

5.3

Conclusions and recommendations

As there were either no or limited replications of hut treatments in different
trials, data from individual trials cannot provide statistical confidence.
The two trials performed in Burkina Faso suggest that the killing effect of
chlorfenapyr is not dose dependent and is within the limits of the applied
dosages (250–563 mg AI/m²).
The purpose of the standard WHO cone bioassays is to estimate the
bioavailability of the active ingredient over time (i.e. to measure the residual
effect). However, cone bioassays are not necessarily predictive of the
efficacy of an insecticide against wild free-flying mosquitoes entering the
huts. The efficacy of an insecticide in killing wild mosquitoes also depends
on factors such as insect behaviour, irritant effect of the formulated product
and insecticide susceptibility.
The standard procedure for cone bioassays is currently to expose a
susceptible reference mosquito strain for 30 min and then hold them for 24 h
after which the mortality is observed. At present the residual effect is defined
as the number of weeks post-treatment with a mortality ≥ 80% in the cone
tests. To measure the bioavailability of chlorfenapyr, because of its mode of
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action (non-neuroactive insecticide), adjustment of exposure and holding
times may be required. Different bioassay conditions were used in the
present trials, which made comparison of bioassay results quite impossible.
Based on the currently available data, 2 h exposure and 72 h holding time
seems to be the most appropriate for chlorfenapyr. Future monitoring of the
residual activity should include both the current exposure/holding criteria (30
min exposure and 24 h holding period) and the 2 h exposure and 72 h
holding period, with mortality reported after 24 h, 48 h and 72 h. This will
allow a more systematic approach to facilitate comparison between different
studies in order to improve the interpretation of the data, thus making it
possible to establish appropriate thresholds for this standard bioassay. Any
new threshold should continue to take into consideration the initial mortality
and the change of mortality over time. Alternatively, new methods to address
the residual efficacy may also be required.
It was observed that mortality of mosquitoes in cone bioassays was higher
during the night than in daytime tests, which was possibly due to increased
metabolism of the mosquitoes at night. However, in Nigeria using both a fully
susceptible and wild pyrethroid resistant mosquito strains in night bioassays
(August and November) did not yield significant difference when compared
to the day-time exposure.
Mortality rates estimated on free-flying mosquitoes entering in chlorfenapyr
treated houses were shown to increase with a prolonged holding time ( from
24 h to 72 h) in Benin and the United Republic of Tanzania but not in
Burkina Faso.
The most important finding of this review was observed in Benin on highly
pyrethroid resistant (RR LC50: > 200) wild free-flying mosquitoes.
Chlorfenapyr applied at the target dose of 250 mg AI/m² induced mortality
rates around 60% (72 h holding period) during 4 months, while alphacypermethrin at 30 mg/m² did not perform at all (0 to 3 % mortality). In
Burkina Faso, chlorfenapyr at 250 mg AI/m² performed less well than
bendiocarb (400 mg/m²) in killing pyrethroid resistant wild Anopheles
mosquitoes during the first 3 months (22–52% for chlorfenapyr; 47–94% for
bendiocarb at 72 h mortality) while alpha-cypermethrin did not perform at all
(4% mortality).
In Nigeria, with moderate alpha-cypermethrin resistance in An. gambiae s.s.,
induced mortality (72 h holding time) with chlorfenapyr at the applied dose of
690 mg AI/m² was between 59% and 85% during 4 months. With bendiocarb
at 400 mg AI/m², mortality dropped from > 70% at months 1–3 to < 40% at
month 4. The decline in mortality with alpha-cypermethrin at 30 mg AI/m²
dose was even faster (34% mortality at wk 9). In the United Republic of
Tanzania with moderate alpha-cypermethrin resistance in An. arabiensis,
alpha-cypermethrin performed better than chlorfenapyr during 7 wk of
observation.
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The application of a mixture of chlorfenapyr and alpha-cypermethrin
formulations was found to have no added value over individual formulations.
The meeting noted:
•

that different bioassay protocols (i.e. exposure time and holding
period) were used in the trials for which the data were presented by
BASF for re-evaluation and this confounded the interpretation of
results on residual activity of chlorfenapyr 240 SC;

•

that cone bioassays aim to estimate the bioavailability of the active
ingredient of chlorfenapyr 240 SC over time (residual effect).
However, these bioassays are not necessarily predictive of the
efficacy of chlorfenapyr 240 SC against wild free-flying mosquitoes;

•

that when chlorfenapyr 240 SC was applied at the appropriate dose
(target dose = 250 mg AI/m²), the induced mortality rates for freeflying mosquitoes in huts ranged between 64% and 46% (72 h
holding) during the first month after spraying in three studies (United
Republic of Tanzania 2014; Benin and Burkina Faso 2015); while
mortality during the fourth month post-treatment in two studies
(Benin and Burkina Faso 2015) was between 57% and 35%. Overall
mortality rates ranged between 22% and 69% (72 h holding) during
the first 4 months after spraying; and

•

that in areas of high pyrethroid resistance where alpha-cypermethrin
was completely ineffective (Benin and Burkina Faso), chlorfenapyr
240 SC at 250 mg AI/m² dose induced mortality in a range of 31–57%
during the fourth month after spraying.

Nothing the above, the meeting concluded:
•

that chlorfenapyr 240 SC applied at 250 mg AI/m² induced overall
mortality rates between 22% and 69% (72 h holding) during the first
4 months after spraying and does not meet the minimum WHO
criteria of ≥ 80% mortality. Whether the level of induced mortality is
sufficient to reduce malaria will require further epidemiological
evidence; and

•

that the evidence presented does indicate that chlorfenapyr 240 SC
might have potential for use in indoor residual spraying in areas with
high pyrethroid resistant malaria vectors (i.e. where indoor residual
spraying with pyrethroids induced almost no mortality).
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Further, the meeting suggested:
•

that monitoring of the residual activity in future should include both
the current WHO exposure/holding criteria (30 min exposure and
24 h holding period) and the extended criteria of 2 h exposure and
72 h holding periods with mortality reported after 24 h, 48 h and 72 h
of exposure.
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Month 1

Month 3

Chlorfenapyr 0.5h
Chlorfenapyr 2h
Bendiocarb 0.5h
Alpha-cypermethrin 0.5h

Month 4
Chlorfenapyr 1h
Chlorfenapyr 3h
Bendiocarb 1h
Alpha-cypermethrin 1h

Figure 5.1 Mortality after 48 h holding with in situ cone bioassays on
chlorfenapyr, bendiocarb and alpha-cypermethrin sprayed surfaces using the
resistant field strain of An. gambiae s.s. (FAP strain). Different exposure
times are compared (30 min and 1, 2 and 3 h)
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109
3
4

1

Control

2

2
3
5
1
4

Hut
number

Alpha-cypermethrin
Chlorfenapyr+alpha-cypermethrin:
Chlorfenapyr
Alpha-cypermethrin

Control
Chlorfenapyr

Chlorfenapyr
Chlorfenapyr
Chlorfenapyr
Alpha-cypermethrin
Chlorfenapyr+alpha-cypermethrin:
Chlorfenapyr
Alpha-cypermethrin

Study arm

AI, active ingredient; NA, not available; RSD, relative standard deviation

Tanzania
(2014)

Benin
(2015)

Country

day 1

day 1
day 1

day 1

day 0
day 0
day 0
day 0
day 0

Papers
removed
after

10

5
5

NA
5

5
5
5
5
5

No. of
papers
analyzed

30
250
30
–

223
30
0

250
25
–
250

246
21
–
315
29

250
250
250
25

Target
dose
(mg
AI/m²)

227
210
233
20

Dose
applied
(mg
AI/m²)

Table 5.1 Chemical analysis of filter-papers collected after spraying experimental huts

0.89
1.00
–

0.97

0.98
0.84
–
1.26

0.91
0.84
0.93
0.80

41.0
52.0
–

25.0

14.5
15.5
–
33.0

12.6
22.8
15.9
15.9

RSD
%

….cont’d

Applied to
target dose
ratio
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Chlorfenapyr
Chlorfenapyr
Bendiocarb
Alpha-cypermethrin
Control
Chlorfenapyr
Chlorfenapyr
Bendiocarb
Alpha-cypermethrin
Chlorfenapyr+alphacypermethrin:
Chlorfenapyr
Alpha-cypermethrin
Control
Chlorfenapyr
Chlorfenapyr
Bendiocarb
Bendiocarb
Alpha-cypermethrin
Control

Study arm

1
6
2
5
3
4

1
9
10
8
2
3
2
7

Hut
number

5
3
3
3
3
3
3

5

day 1

day 1
day 1
day 1
day 1
day 1
day 1

No. of
papers
analyzed
5
5
5
5
4
5
5
5
5

Papers
removed
after
day 1
day 1
day 1
day 1
day 1
day 1
day 1
day 1
day 1

AI, active ingredient; NA, not available; RSD, relative standard deviation

Nigeria
(2014)

Burkina
Faso
(2013)

Burkina
Faso
(2015)

Country

368
44
–
685
695
585
492
42
0

Dose
applied
(mg AI/m²)
266
294
321
42
0
563
355
83
82
250
30
–
250
250
400
400
30
–

Target
dose (mg
AI/m²)
250
250
400
30
–
250
150
200
30
1.47
1.45
–
2.74
2.78
1.46
1.23
1.40
–

Applied
to target
dose ratio
1.07
1.18
0.80
1.39
–
2.25
2.37
0.42
2.73

42.6
44.4
–
9.3
7.8
33.5
82.7
39.2
–

38.1
28.3
30.5
55.3
–
10.8
23.8
41.1
13.7

RSD
%

Table 5.1 (cont’d) Chemical analysis of filter-papers collected after spraying experimental huts. Applied to target dose ratios
shown in bold fonts are outside the acceptable limit of ± 50% of the ratio
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70 (24)
71a (29)

a

96a

791
168

1057

602

1-4
5-7

1-4

5-8
9-12

Tanzania
2014

Burkina Faso

2015

1206
902

150
134
186
137
107
69

5-8
9-12

1
5
9
16
18
23

17-18
1-4

780
239
707

13-16
93 (7)
83a (1)
89a (1)
78a (11)
4 (87)
7 (84)
5 (90)
11 (82)
16 (73)
25 (65)

90a
88a
30
41
49
61
60
71

a

a

a

83a (6)*
6 (80)
6 (85)
9 (82)
9 (84)
16 (73)
23 (68)

83a (7)*

93 (3)
82a (2)*

83 (11)

73 (22)

89 (5)

a

94a
96a
84a

85 (9)

a

94

83a (14)

a

80 (26)

a

72a (25)

(16)

a

92
87a

89

81

81a (7)**
12 (60)
6 (85)
8 (84)
28 (54)
32 (47)
45 (37)

86a (5)**

87 (10)
90a (0)**

a

a

81 (14)

76 (19)

a

82a (14)

71 (18)

a

32 (0)
5 (88)
8 (84)
24 (61)
30 (50)
41 (42)

(0)

(0)

77a (12)
24 (20)
11 (73)
13 (73)
25 (59)
26 (57)
35 (51)

90a (0)

a

89 (7)
95a (0)

a

79 (16)

a

78 (19)
64a (32)

67 (27)
91a (0)

b

64 (28)

ab

b

90

ab

97 (0)
91

b

87b (0)

(9)

83ab (6)

89a (2)

85a (0)

ab

84

b

70 (21)

ND

94bc (0)
ND

90b (0)

Blood-feeding rate (blood-feeding inhibition, BFI%)
Chlorfenapyr
Bendiocarb Bendiocarb
AlphaChlorfenapyr +
250 mg/m²
400 mg/m²
400 mg/m² cypermethrin
Alpha-cypermethrin
2
2
(150 mg/m²)* (200 mg/m²)**
30 mg/m²
250 mg/m + 30 mg/m

2

In Nigeria, the applied doses for chlorfenapyr in separate huts were 685 mg and 695 mg AI/m², which are > 2.5X of the target dose

Values in the same row sharing the same superscript letter have overlapping 95% confidence intervals. For Nigeria, some 95% CI values did not
include average, so no superscript letters have been provided
1
The applied doses in separate huts were: chlorfenapyr 563 mg and 355 mg AI/m²; alpha-cypermethrin 82 mg AI/m²; bendiocarb 83 mg AI/m²

Nigeria
2014

2

Burkina Faso
2013

b

75

a

1

b

ab

a

184

13-15

835

b

86
93 (0)

83 (0)
99 (0)

a

5-8
9-12
65

c

a

127
173

84b (0)

58a

183

1-4

Chlorfenapyr
250 mg/m²

2015

Control hut
Number of BloodAnopheles feeding
rate
entering

Benin

Weeks

Table 5.2 Blood-feeding and (blood-feeding inhibition) in percentages of wild, free-flying Anopheles mosquitoes collected in huts
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Weeks
Number of
post
Anopheles
spraying entering in the
control hut

Postexposure
mortality
after

2

1

1-4

183

The applied dose for chlorfenapyr was 563 mg and 355 mg AI/m²; for alpha-cypermethrin 82 mg AI/m²; for bendiocarb 83 mg AI/m²

T he applied dose for chlorfenapyr was 685 mg and 695 mg AI/m²

Benin (2015)
An. gambiae s.l. highly
resistant to
alpha-cypermethrin
(RR LC50: 200 fold)

a

3 (1)
a
5 (1)
a
1 (0)
a
4 (0)
a
2 (1)
a
6 (0)
a
4 (3)
a
7 (5)
81
c
86 (85)
42
b
57 (56)

b

56
b
64 (63)
16
c
33 (32)

23 (22)
c
33 (31)
b
18 (15)
b
51 (47)

% Mortality (induced mortality) for insecticide target doses (see footnotes for actual doses applied)
Control Chlorfenapyr Chlorfenapyr
Bendiocarb
Bendiocarb
AlphaChlorfenapyr +
250 mg/m²
250 mg/m²
400 mg/m²
400 mg/m² cypermethrin Alpha-cypermethrin
(150 mg/m²)* (200 mg/m²)**
30 mg/m²
250 + 30 mg/m2

a
b
24h
31 (36)
1
a
b
72h
65 (64)
4
a
24h
35b (31)
4
5-8
127
b
a
72h
68 (66)
7
b
a
24h
31 (34)
1
9-12
173
a
b
72h
71 (69)
6
b
a
24h
39 (38)
1
13-15
184
a
b
72h
58 (57)
2
Tanzania (2014)
24h
1
44
791
a
b
An. arabiensis moderate
72h
58 (56)
1-4
4
resistant to alpha-cypermethrin
24h
1
28
168
a
b
( WHO test: 71% mortality)
72h
5-7
46 (45)
2
Values in the same row sharing the same superscript letter(s) have overlapping 95% confidence intervals

Country and reporting year

Table 5.3 Mortality and induced mortality in percentages of wild, free-flying Anopheles mosquitoes collected in huts
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835
780

9-12

13-16

707
1206
902

1-4

5-8

9-12

239

602

5-8

17-18

1057

1-4

Weeks
Number of
post
Anopheles
spraying entering in the
control hut

a

a

a

a

a

72h
24h
72h
24h
a

3

7

4

5

3
a
4

24h

24h
72h
24h
72h

b

b

b

35

43 (38)

b

36

b

54 (51)

20 (18)
b
45

b

28b (22)
b
33 (30)
bc
35 (31)
ab
17 (14)

7
a
3
a
5
a
1

a

b

33 (28)
b
22 (19)

72h

24h

b

50b (46)
b
28 (25)

46 (44)

6a
a
4

a

6a
a
4

72h
24h
72h

5

b

b

2

c

a

a

(4)
a

4

a

The applied dose for chlorfenapyr was 563 mg and 355 mg AI/m²; for alpha-cypermethrin 82 mg AI/m²; for bendiocarb 83 mg AI/m²

T he applied dose for chlorfenapyr was 685 mg and 695 mg AI/m²

2

7 (3)
61 (60)
59 (58)
37 (34)
38 (35)
38 (35)
29 (26)

a

a
ac

9 (4)**
84 (84)
80 (79)
79 (78)
38 (35)
37 (34)
26 (23)

6

6 **

a

a

5

6 (0)

7

ab

8 (0)
a
8 (4)
ac
9 (4)
a
6 (2)

7 (0)

95 (95)
67 (66)
72 (71)
41 (38)
38 (35)
35 (32)

a

10 (4)
a
6 (2)

a

a

8

a

(23)**

a

a

7 (3)
10 (4)
a
7 (4)

14 (8)

27

ab

17 (15)
ab
24 **

b

51 (47)
b
27 (24)
bc
28 (24)
ab
16 (12)

c

81 (80)
c
49 (47)

1

Nigeria (2014)
An. gambiae s.s. mild resistant
to alpha-cypermethrin
(WHO test: 85% mortality;
susceptible to bendiocarb)

c

94c (94)
c
81 (80)

94 (94)

25 *

b

39 (34)*

b

33

46 (44)*

b

17 (14)
b
39 *

b

31b (25)
b
34 (32)
b
38 (35)
b
15 (12)

39 (35)
b
27 (24)

b

55b (52)
b
32 (29)

51 (49)

b

b

26

ac

(22)

b

22

33 (28)

b

27

39 (36)

b

32

% Mortality (induced mortality) for insecticide target doses (see footnotes for actual doses applied)
Control Chlorfenapyr Chlorfenapyr
Bendiocarb
Bendiocarb
AlphaChlorfenapyr + Alpha250 mg/m²
250 mg/m²
400 mg/m²
400 mg/m² cypermethrin
cypermethrin
(150 mg/m²)* (200 mg/m²)**
30 mg/m²
250 + 30 mg/m2

24h

Postexposure
mortality
after

72h
5
42 (39)
30 (27)*
72h
3
83 (82)
78 (77)
1
150
72h
3
86 (85)
79 (78)
5
134
9
186
72h
5
64 (62)
73 (72)
72h
16
137
5
61 (59)
69 (67)
72h
18
107
5
65 (63)
69 (67)
72h
23
69
4
57 (55)
55 (53)
Values in the same row sharing the same superscript letter(s) have overlapping 95% confidence intervals

Burkina Faso 2013

1

Burkina Faso (2015)
An. coluzzii is predominant.
Highly resistant to pyrethroids
(kdr frequency: 0.8-0.95) and
a rise in ace-1 frequency

Country and reporting year

Table 5.3 (cont’d) Mortality and induced mortality in percentages of wild, free-flying Anopheles mosquitoes collected in huts

6.

GENERAL DISCUSSION

The Working Group made the following general recommendations:
•

The product evaluation reports should include raw data and model
outputs as appendices.

•

Confidence limits and statistical comparisons among treatment arms
should be provided for both uncorrected mortality and blood-feeding
rates. Corrected mortality and blood-feeding inhibition rates should
be provided but confidence limits are not necessary.

•

The relationship between the results of experimental hut studies and
cluster randomized trials (CRTs) should be explored. For planned
CRTs on products with novel modes of action, experimental hut
trials should be conducted concurrently if possible in the same
location as the CRT trial. Depending on the relationship, this may
obviate the need for CRTs to evaluate all new LLIN and IRS
products.

•

The purpose of the standard bioassays (e.g. cone tests) is to
estimate the bioavailability of the active ingredient over time
(residual effect). However, the mortality observed in cone bioassays
is not necessarily predictive of the efficacy of an insecticide against
wild free-flying mosquitoes entering into the huts. The efficacy of a
product in killing wild mosquitoes also depends on the mode of
action of the active ingredient compounds, the irritant effect of the
formulated product, insecticide susceptibility and mosquito
behaviour.

•

At present the residual effect of IRS products is defined as the
number of weeks post-treatment with a mortality of ≥ 80% in cone
tests with a 30 min exposure and a 24 h holding period. To better
measure the bioavailability and residual activity of non-neuroactive
insecticides, longer exposure and holding periods may be required.
In future studies, monitoring of the residual activity should at least
include both the current exposure/holding criteria (30 min
exposure/24 h holding period) and an extended criteria (e.g. 2 h
exposure and 72 h holding period) with mortality reported after 24 h,
48 h and 72 h of exposure. This will allow a more systematic
approach to facilitate comparison between different studies to
improve the interpretation of the data, making it possible to establish
appropriate thresholds for this standard bioassay. In addition,
exposure times longer than 2 h may be evaluated.

•

For evaluation of IRS products, mortality thresholds for cone
bioassays below 80% mortality may be adopted depending on the
mode of action of new active ingredeints. Any new threshold should
continue to take into consideration the initial mortality and the
change of mortality over time. Alternatively, new methods to address
the residual efficacy may also be required.
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•

For evaluation of IRS products, the length of the walls of
experimental huts to be newly constructed should be a multiple of
the standard spray swaths of 75 cm.

•

Efforts should be made to ensure that IRS products are correctly
applied to achieve as close as the target dose on the surfaces, i.e.
the applied dose is within ± 50% limit of the target dose (the ratio of
applied to target dose should be within the acceptable tolerance limit
of 1.0 ± 0.50).

•

For LLINs containing insecticides with certain specific modes of
action, tunnel tests alone may be appropriate to estimate the
regeneration time, wash resistance and field durability of biological
activity. After completion of the tunnel test, live mosquitoes may be
held for an extended period of up to 72 h with mortality reported after
24 h, 48 h and 72 h. The usefulness of extended exposure and
holding periods for cone bioassays of products with different modes
of action should be explored.

•

For LLINs, use of existing threshold criteria for knockdown, mortality
or blood-feeding inhibition in cone tests and/or tunnel tests, as the
case may be, should be maintained. Changes in existing thresholds
for non-pyrethroid LLINs should be considered in future revisions of
WHO guidelines provided evidence is presented to show that
existing thresholds are inappropriate for a given mode of action of a
new insecticide.

•

Estimation of the regeneration time as well as the wash resistance
tests for LLINs containing synergists or non-pyrethroid insecticides
should be done against fully susceptible and an appropriate resistant
strain (e.g. testing of nets containing PBO with resistant strains that
have oxidase based resistance mechanisms). Where an LLIN
contains more than one active ingredient, the longest regeneration
time of the active ingredients is taken as the regeneration time of the
product.

•

All sites should calculate resistance ratios (RR) of LC50 and LC95 of
the wild mosquito population compared to a fully susceptible strain
around the same time and the location of the experimental hut
studies for each product/active ingredient tested. The RR-LC50
should also be estimated for relevant resistant colony strains.
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